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FOREWORD 


Professor de Sigmond’s investigations on soils have long been 
familiar to English and American experts, and on two occasions 
already lie has given account of the branch with which his name is 
most closely associated by English-speaking people — the reclamation 
of alkali soils. But those who know him best always knew that his 
knowledge and experience covered the whole range of soil science and 
wherever he has intervened in a soil discussion he has always illumined 
it. He is one of the best known experts on soil, and he has the 
advantage that his native land, Transylvania, and his adopted country, 
Hungary, are both rich in important soil types not commonly familiar 
to Western European students. 

The main theme of the book (published some years ago in longer 
form in Hungarian) is the presentation and discussion of the system 
of soil classification already known internationally by the author’s 
name, but never before described in detail in an English publication, 
consequently it lias not received from English and American investiga- 
tors the careful scrutiny which it merits as a positive contribution 
towards the advancement of soil science. No harm can result if some 
readers find themselves in disagreement with the author on making 
first acquaintance with the details .of his system. Every country 
possesses certain soil types not found elsewhere ; certain English soils, 
for example, do not easily fit into Professor de Sigmond’s system, and 
certain Hungarian soils fit into no English system. The comprehensive 
classification here proposed, based essentially on the chemical com- 
position of the soil, is not intended to be final, but it satisfactorily fills 
many gaps in other systems, and leads us a considerable step further 
towards the goal of every soil taxonomist — a. universal classification 
based on strictly scientific principles. 

Every country of the civilised world is now taking stock of its 
agricultural possibilities for the double purpose of increasing its natural 
wealth by greater output from the land, and of finding how far it could 
go in producing- sufficient food to maintain its people so as to be 
independent of outside supplies. This has brought into prominence 
the need for assessing natural soil resources, and in every country soil 
surveys of one kind or another are now being made. Fortunately the 
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International Society of Soil Science affords a common - 

lor friendly discussion by the soil experts of the differeat C oi S1 f — 
-th t h e result that the work is done on line, I ^ 

identical, at any rate ensure that the results shall be comnamb? 
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AUTHOR’S PREFACE 


The English literature of soil science is so rich that it may seem 
presumptuous on the part of a foreigner to suggest that Ms own 
work can contribute something more to the work of English or English- 
reading soil experts. Nevertheless, since my monograph on “ Hun- 
garian Alkali Soils ” has been published in English by the University 
of California ( in 1927), and since I have published my “ General Soil 
System ” in English, my English correspondence has grown so con- 
siderably that in some way I do not feel quite a foreigner in English 
soil -work. 

This encouraged me to undertake the English translation of my 
Hungarian book on Soil Science. The aim of the latter was to give 
an almost full outline of the present state of Pedology. The whole 
book is divided into four parts: Genetics, Agronomy, Systematics 
and Cartography. As, however, English soil literature is so rich, 
especially in Soil Physics and Microbiology, in cutting down my 
original work I have felt entitled to leave out the sections of Part II. 
on Soil Physics and Soil Microbiology and all those details which 
possess mere local interest or which have been dealt with thoroughly 
in other English works. 

My particular thanks are due to Professor A. B. Yollaxd, Ph.D., 
who undertook the hard work of the translation with so much enthu- 
siasm and zeal. My cordial thanks are due also to Mr. G. V. Jacks, 
of the Imperial Bureau of Soil Science, who has acted as editor of 
the translations. I am particularly indebted to Mr. G. H. Freeman 
(Messrs. Thomas Murby and Co.), whose sympathetic co-operation 
has enabled me to put through the English publication of this book. 
I wish to record here also my thanks to all my young colleagues, 
A. Arany, E. Becker, J. di Gleria, E. Horvath, L. Kotzmank, 
L. Telegdy-Kovats and P. Zitcker, as assistants or co-workers. 

Finally, I feel very much honoured by Sir J own Russell, Director 
of the Rothamsted Experiment Station, having been kind enough to 
write a Foreword to this book. 


A. A. J. DE SIGMOND. 
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INTRODUCTION 

SOIL SCIENCE AND ITS FIELD 

Soil science (pedology) gathers into a scientific system, what we know 
concerning that peculiar product of nature — the soil. For a long time 
soil science was not regarded as an independent branch of natural 
philosophy, but as an applied science — e.g., as a branch of agriculture. 
The first to try to liberate soil science from this position was the German 
geologist Frederick Augustus Fallon, who, however, by basing his soil 
classification upon geological-petrographic principles unconsciously 
subordinated pedology to geology. However, it soon became evident 
that the peculiarities of the several soil types could not be explained 
satisfactorily either by a geological or by a petrographic origin. 
Undoubtedly it appears at first sight natural that soil — which is the 
geologically youngest and weathered outer cover of the solid surface 
of the earth — should in principle be just as much a part of the history 
of our globe as are the other geological formations. In this broad 
sense Ramann himself was prepared to admit' that soil science is a 
branch of geology which may rightly be called “ geology of the upper 
crust of the earth. 5 ’ Ramann defined soil as “ the outer weathered 
layer of the solid crust of the earth.” Earlier still, in 1901, Yarilov, 
the Russian pedologist, had given the following definition of the inter- 
relation of geology and pedology: “ Geology treats of the dead part 
of our globe, while soil science deals with the ever-changing, living 
earth-cover which is exposed to the constant changes brought about 
by the radiation of the sun, by atmospheric precipitations and by living 
organisms. 55 There is indeed a real difference between the dead masses 
of rock and the ever- changing soil, which may rightly be called “ living.” 
Petrography and mineralogy seem more akin to pedology than historical 
and dynamic geology, for the parent material of most soils is rock. 
To-day petrography is concerned not onfy with the origin, but also with 
the weathering of rocks. 

Yet petrographers investigate the weathering process from a 
different point of view from pedologists, who are interested in those 
transitory states and changes of rock which cannot be defined by petro- 
graphic or mineralogical methods. Rocks may be classified according 
to their component minerals, whereas the clearly definable minerals in 
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2 THE PRINCIPLES OF SOIL SCIENCE 

soils are mostly of no importance for the purpose of determining the 
soil type. This is due to the soil-forming rock being only one, and 
very often by no means the dominant factor in soil formation. 

Towards the end of the last century a Californian soil scientist, 
Hilgard, and the Russians Docuchaiev and Sibirtzev, independently 
proved that climate plays a very important role in soil formation. 
In Russia an entirely new school began to work on these lines. 

When in 1909 (April 14-24) the Hungarian Geological Institute 
celebrated the fortieth anniversary of its establishment, the soil 
scientists of the world were invited to a conference in Budapest ; that 
was the origin of the First International Agro-geological Conference, 
and the above date was an important turning-point in the development 
of pedology as a science. Thus soil science liberated itself from the 
leading-strings of other sciences and practice; the object of pedological 
research was recognised to be the soil itself as a natural product; 
a knowledge of soils is the sole object of pedology, as a knowledge of 
minerals is the sole object of mineralogy. Geology, petrography, 
mineralogy, chemistry, physics, plant physiology, plant biology, 
bacteriology and to some extent zoology are just as much auxiliary to 
pedology as crystallography, chemistry, physics, etc., are auxiliary to 
mineralogy. Whereas formerly pedological research was merely the 
handmaid of other sciences, to-day soil science itself has been divided 
into physical, chemical, biological, physiological, genetic-cartographical 
and applied sections, which are all, however, occupied primarily in 
studying the soil as a peculiar natural product. This division of soil 
science was already in vogue at the Fourth International Pedological 
Conference held in Rome, where in 1924 the International Society of 
Soil Science, containing the six sections enumerated above, was founded. 
For everything connected with the origin or formation of soils — 
everything associated with the chemical, physical and biological 
properties of soils or illustrating the changes of those properties — 
must be the subject of pedological research ; and a scientific system of 
soil classification has resulted from that research. Soil cartography 
is in reality the fixation of soil types according to their distribution in 
nature, and belongs to theoretical soil science, unless it enters into 
details and is local in character. Detailed— e.g., agricultural — soil 
maps are rather the work of applied soil science. 

We must not, however, imagine that having become an independent 
science has deprived pedology of any of its practical importance. On 
the contrary, its practical importance and its efficiency have materially 
increased, and even during the short period that has elapsed since a 
beginning w r as made with the scientific study of soils, many practical 
results not dreamed of before have been obtained. 

Apart from entirely new practical lines of work having developed 
in the milieu of pure science, certain earlier lines of practical research 
have been given a wider and a purely scientific application. The 
phenomena of soil leaching and soil absorption had for instance been 
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long familiar, though they had been investigated only as a means of 
showing the extent to which valuable plant foods were leached out. 
Soil science, however, deals with these phenomena on a much wider 
and purely scientific basis, and to-day they constitute one of the most 
interesting chapters of pedological science, and have already led to 
important practical results — enabling us, for instance, to ascertain the 
origin, possibilities and methods of reclamation of alkali soils. 

The fact that pedology has risen to the dignity of an independent 
natural science has in no way impaired its connection with the other 
natural sciences. On the contrary, all kindred sciences have gained 
by the concentration in a scientific system of all our pedological 
knowledge. Previously this knowledge was scattered about the whole 
field of scientific literature, a fact which made it extremely difficult 
to find references. 

The field of soil science embraces both the purely scientific and the 
practical applications of pedology, for which reason we may divide 
the material into two large groups — viz., general and applied pedology. 
The present work deals only with general pedology. 

I have divided the material of general pedology into four parts. 
The first part deals with the origin of soil and with the soil-forming 
factors and phenomena connected therewith : this part may be called 
genetics. The second part deals with the physical, chemical and 
biological properties of soils — i.e., with the scientific criteria enabling 
us to characterise soils exactly and scientifically: this part is therefore 
called agronomy. The third part deals with the soil system (syste- 
matios) and the characterisation of soil types by means of an entirely 
new, general soil system. The fourth part deals with the principles, 
character and purposes of soil cartography and schematic soil diagrams. 

In order to define accurately the field of soil science, it is necessary to 
give an exact definition of what we mean by “ soil.” Most pedologists 
still insist on briefly defining soil as the outer weathered layer of the 
solid earth-crust. In the light of our present pedological knowledge 
this definition is, however, inadequate. For, though the soil is certainly 
the outer layer of the solid earth in contact with the air and more or 
less weathered, that is not all that can be said about the soil. Whereas 
rocks are regarded as the symbols of stability and solidity, the soil is 
the soft bed of seeds and plant roots, the support and the food of the 
vegetable world and the home of change. Rocks are dead mineral 
substance, while the soil teems with life and is the source of all new 
vegetation. Although soil science is not confined to the relations 
existing between cultivated soil and agricultural plants, nevertheless 
one of the outstanding properties of soils is that they are, or may become, 
the carriers of higher vegetation. Barren saline soils, for instance, 
often prevent every kind of plant growing because the salt concentration 
is too high, but when a sufficient proportion of the salts has been 
removed certain kinds of vegetation are able to exist. Similarly, the 
soil of barren deserts is plantless because of the lack of humidity, but 
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wherever any springs* rise or artificial irrigation is employed, the soil 
very soon becomes the source of luxuriant vegetation. For that 
reason Yarilov was right when he characterised soil as a constantly 
changing, living earth-cover exposed to continual changes due to the 
effect of insolation, precipitation and living organisms. 

Much the same definition was given by Hilgard * who describes the 
soil as the more or less loose and crumbling part of the outer earth- 
crust in which plants are able to strike root, deriving therefrom their 
food and all other conditions essential to their growth. 

Both definitions show clearly the close relation between soils and 
living organisms — in particular the plant world. We are, indeed, 
entitled to say that soils belong to the biosphere (pedosphere) — i.e., to 
that outer layer of the earth in and on which organic life exists — in 
contrast to the lifeless lithosphere, the outermost but dead crust of 
the earth. But the biosphere includes also fresh and salt water and 
the mud of lakes and seas. This latter is physically very closely related 
to, and in many cases hardly distinguishable from soil, being rich also 
in living organisms; but it differs from soil in that it is covered with 
water, whereas soils are in immediate contact with the atmosphere. 
Both fresh and salt water differ from soil in their state of aggregation 
and by the circumstance that, whereas the bulk of fresh and salt water 
consists of water or of substances dissolved in water (he., in molecular 
dispersion), in soils — even where we find 40-50 per cent, of water — the 
bulk of the substances are not in solution and are indeed insoluble in 
water; indeed, in soils it is the water rather than the mineral matter 
which is in the dispersed state. 

In volume and quantity the pedosphere is relatively insignificant 
when compared with the other spheres of the earth, but it is the source 
of all living existence. Soils are thus intermediate between the dead 
and the living world, being the prime source and carrier of all life. As 
natural products, they constitute an integral component of the solid 
part of the earth; and therefore — and for that reason only — come 
within the sphere of geology, as may also the atmosphere. According 
to Docuchaiev, the various soil zones are natural products which have 
assumed a character independent of the parent rock as a result of the 
effect of the atmosphere and biosphere on the lithosphere. The 
formation and existence of soils depend upon special circumstances 
and factors which may be called collectively soil-forming factors. 
These factors are so characteristic of the several soil types that if 
we desire to obtain an exact idea of what soils are, the best way is to 
study soil genetics — i.e., the origin and formation factors of soils. 
Upon these soil-forming factors depend the peculiar structure of the 
soil and the physical, chemical and biological properties which 
differentiate it from both the dead and the living worlds. In the same 
way as the pedosphere lies between the lithosphere and the atmosphere, 
so also it may be said to be wedged between the living and the dead 

* See Hilgakd, Dr. E. W.: “ Soils,” 1910, p. xxi. 
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mineral worlds, which it connects and links together. It is in the soil 
that inorganic substances are transformed into living organisms, and 
dead organic matter also changes back into inorganic compounds. The 
soil is the cradle and the burial-place of all life, proving the truth of 
the Christian teaching ££ Dust thou art and to dust returnest.” 

If we summarise all that has been said above with respect to the 
term ££ soil, 55 we see at once that the earlier definition that the soil is 
the outer weathered layer of the solid earth-crust does not satisfy 
the requirements of present-day soil science. Soil is a discrete natural 
product differing from both the dead mineral world and the living 
organic world, lying on the boundaries of the lithosphere and the 
biosphere and connected with both, uniting them and obtaining its 
raw materials from them; it is the product of special genetic factors 
which determine and continuously direct the physical, chemical and 
biological phenomena and characteristic properties of the soils, thus 
making them the cradle of continuous organic life and the burial-place 
of dead organic matter. 

The soil is the scene of constant changes and transformations. 
According to Stebutt* it is a dynamic system, in contrast to the static 
systems represented by rocks and minerals, and an outstanding feature 
of modem pedology is its recognition of the soil’s dynamic nature. If 
we wish to understand a soil, we cannot consider only its present condi- 
tion, which merely presents a section of the dynamic changes. To 
appreciate the character of such a dynamic system we must study its 
past history as well as its present and be in a position to foretell, or 
at least to surmise, its future development. Marbut was right in 
principle w r hen he saidf that the determination of soils cannot be based 
upon the factors or causes of which the soils themselves are the results. 
Yet, to some extent the genetic factors are the character of a soil, 
seeing that they have unceasingly influenced its development. 

I. 0. Veatch gives the term “ soil 55 a far wider meaning when he 
says that all media capable of bearing or carrying natural vegetation 
may be described as £C soils. 55 In his opinion, for instance, living 
peat is also soil, because living vegetation is found in or on it. Veatch’s 
definition is a very wide one, including as it does both water and solid 
rocks. We might go even further and include under the name of 
t£ soils 55 everything offering support or food. Soil science, however, 
does not include the term ££ soil 55 in this wide sense in its field of study. 

* Stebutt, A.: “ Lehrbuch der allgemeinen Bodenkunde,” Preface, p. iv. 

f 44 Proc. and Papers of the First Int. Congress of Soil Science,” Washington, 
D.C., June 13-22, 1927, V. Comm., p. 6. . . 




PART I 

GENETICS 

The study of soil genetics embraces the raw materials from which 
soils are formed, the factors converting them into soil, and the pedogenic 
processes which lead to the development of distinct soil types according 
to the conditions under which soil formation takes place. 

CHAPTER I 

GEOLOGICAL AND PETROGRAPHIC SOIL-FORMING 

FACTORS 

Petrography is in reality a specific branch of geology, and it might 
seem sufficient to speak of the geological origin of soils. However, 
since various rocks form the raw materials of soils, it is better not 
to confine ourselves to general geological factors but to take petro- 
graphic phenomena into account as well. 

The first stage in soil formation is the natural disintegration of 
solid rock. There are indeed original rocks — i.e geological formations 
— which do not consist of hard and dense material. Such rocks are, 
for instance, loess, gravel, sand, peat, etc. But soils may be formed 
also from solid rocks, and the first stage in soil formation must be 
regarded as the pulverisation of solid rocks. The hard outer crust of 
the earth in contact with the atmosphere sooner or later disintegrates 
and crumbles — this 'weathering process being accompanied by changes 
which are partly physical and partly chemical. Hence science speaks 
of physical and chemical weathering, although in nature the two 
are so closely interwoven that it is often extremely difficult to dis- 
tinguish between them-. Both kinds of weathering are complicated 
by biological factors, but the dominant influence in weathering is 
either physical or chemical, and determines the nature of the weathering 
product, which usually depends upon climatic conditions. According 
to Ramann, the surface of the earth may be divided into regions charac- 
terised by the weathering conditions prevailing in them.* 

The geological and petrographic soil-forming factors may he 
grouped as follows : 

1. Dynamic Factors. — (a) Physical weathering; ( h ) erosion; (c) river, 
lake and sea deposits; (d) glacial formations; (e) sub-aerial dust; 
(/) wind deposits. 

* Ramann: u Bodenkimde,” 3rd Ed. (1911), p. 8. 
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2. Mineral-Chemical Factors— {a) Soil-forming rocks; ( b ) minerals; 
(c) chemical weathering. 

The dynamic factors, which are known to ns from geology, will 
not be discussed here, though they also figure frequently in soils. 
We are more concerned with the mineral-chemical factors, with 
which we shall deal in detail. 

(a) Hocks and Minerals Important as the Parent Materials of Soils . — 
The outermost strata of the earth are composed chiefly of alumino- 
silicates (Si-Al=Sial zone). The composition of this stratum to a 
depth of some 16 kilometres below the surface has been determined 
by Clarke* * * § and Washington,! as shown in Table I.J 


TABLE I 

Average Chemical Composition op the Earth’s Crust 
16 Kilometres Deep 


Percentage of Elements. Percentage of Oxides. 


0 



. . 46*46 

Si0 2 



59*08 

Si 



.. 27-61 

AI2O3 . . 



15*23 

Al 



8*07 

Fe 2 0 3 . . 



3*10 

Fe 



5-06 

FeO 



3*72 

Mg 



2-07 

CaO 



5*10 

Ca 



3-64 

MgO . . 



3*45 

Na 



2*75 

Na 2 Q .*. 



3*71 

K 



2*58 

k 2 o . . 



3*11 

Ti 



0*62 

h 2 o 



1*30 

H 



0*14 

TiO, 



1-03 

P 



0-12 

MnQ . . 



0-12 

C 



0*09 

C0 2 . . 



0*35 

Mn 



0*09 

P 2 0 5 . . 



0-29 

S 



0*06 

Cl 



0-05 

Cl 



. . 0*05 

S0 3 .. 



0*03 

Br 



0-04 

c 



0*04 

F 



.. 0*03 

Others . . 



0*29 

Others 



0*50 








100*00 




100-00 


It will be seen that 75-80 per cent. — i.e., far the greater part — of 
the material consists of 0, Si and Al, or, more precisely, of Si0 2 and 
AlgO^. If we include the hydrosphere and the atmosphere — the 
gravimetric ratios of which are 6*91 per cent, and 0*03 per cent, 
respectively, that of the lithosphere being 93*06 per cent. — and take 
their average composition, we obtain the values shown in Table 2.§ . 

* Clarke, F. W.: “ The Data of Geochemistry,” 5th Ed., 1924 (U.S. Geol. 
Survey Bull), p. 770. 

t f Washington, H. S.: " The Chemistry of the Earth’s Crust” (U.S. Geol. 
Survey, Paper 14), and Clarke and Washington (ibid.. Paper 127). 

t Blanck, E.: “Handb. d. Bodenlehre,” Vol. I., p. 88. 

§ Behrend, F., and Berg, G.: “ Chemische Geologic,” pp. 4-5. 
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TABLE II 

Chemical Composition of the Known Part of the Earth 



Igneous 

Bocks 

(88-41%). 

Slate 

(3-72%). 

Sand- 

stone 

(0-70%). 

Lime- 

stone 

(0-23%). 

Hydrosphere 

(6-91%). 

Atmosphere 

(0-03%). 

SiO a .. 

59-12 

58*11 

78*31 

5*19 

HoO 

96-24 

N 75-77 

A1 2 0 3 . . 

15*34 ■ 

15*40 

4*76 

0-81 

Cl 

2-07 

O 22*69 

Fe 2 0 3 . . 

3*08 

4-02 

1*08 ) 


Na 

1*14 

A 1*23 

FeO .. 

3*80 

2-45 

0*30 j 

0*54 

Mg 

0*14 

H 2 0 0*27 

MgO .. 

3*49 

2*44 

1*16 

7-89 

Ca 

0*05 

C0 2 0*04 

CaO .. 

5-08 

3*10 

5*50 

42*57 

K 

0*04 


Na a O . . 

3*84 

1*30 

0*45 

0*05 

S0 4 

0*27 


KoO .. 

3*13 

3*24 

1*32 

0*33 

Br 

0*008 


h 2 o .. 

1*15 

4*99 

1-63 

0-77 

C 

0*008 


co 2 .. 

0*102 

2*63 

5-04 

41*54 

I 

0*00018 


Ti0 2 .. 

1*050 

0*65 

0*25 

0*06 




ZrO, .. 

0*039 







p a 0 5 .. 

0*299 

0*17 

0*08 

0*04 




Cl 

0*048 


; 

0*02 



: 

F 

0*030 







SO 3 .. 


0*65 

j 0-07 

0*05 




s 

0*052 



0*09 




(CeY)O, 

0*020 


I 





Cr 2 0 3 . . 

0*055 







v 2 o 3 .. 

0*026 






; 

MnO .. 

0*124 



0*05 




NiO . . 

0*025 







BaO , . 

0*055 

0*05 

0*05 





SrO . . 

0*022 



| 




LioO .. 

0*007 







Cu .. 

0*010 







Zn 

0*004 







Pb .. 

0*002 


I ' 





C 


0*80 







This table shows that igneous rocks compose the bulk (95 per 
cent.) of the known part of the lithosphere, only 5 per cent, consisting 
of sedimentary rocks (4 per cent, being slates, 0*75 per cent, sandstone 
and 0*25 per cent, limestone). It is also of interest to know that the 
quantitative distribution of the principal mineral groups in the igneous 
rocks (95 per cent.) is as follows: 


felspars 

amphiboles and pyroxenes 

quartz 

micas - 

other minerals 


59-5 per cent, 

16*8 „ „ 

12-0 „ ,, 

3*8 , 9 9 , 

7*9 ,9 „ 


100*0 per cent., 


the bulk of the material being supplied by the first three groups. 
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The various known minerals have for long been grouped according 
to their chemical composition; recently the method of petrographic 
grouping on the basis of chemical composition has been gaining ground. 

I cannot deal here in detail with the chemical composition of the 
more important rock-forming minerals,* and will merely point out 
that it is usually still expressed in the old dualistic manner. For 
instance, gypsum in a pure state has the formula CaS0 4 2H 2 0, but in 
modem textbooks its chemical composition is still expressed as 
32*5 per cent. CaO, 46*6 per cent. S0 4 and 20*9 per cent. H 2 0, although 
23*3 per cent. Ca, 55*8 per cent. S0 4 and 20*9 per cent, water of crys- 
tallisation would be more correct. Similarly, while the formula of 
adularia or sanidine is KAISqOg, the theoretical composition is expressed 
as 64*7 per cent. Si0 2? 18*4 per cent. A1 2 0 3 , 16*9 per cent. K 2 0 — 
though 76*3 per cent. Si 3 0 8 , 9*7 per cent. A1 and 14*0 per cent. K would 
be more correct. 

It would be even more correct to convert these values into equivalents 
and then calculate the percentages of the positive constituent elements. 
We then find that pure potassium felspar contains 25 per cent, of 
potassium and 75 per cent, of aluminium equivalents. Table III 
shows the chemical composition of some felspars. f 

The chemical composition of felspars shows that generally speaking 
trivalent metals (A1 and Fe) — calculated as equivalents — comprise 
about 75 per cent, of the positive elements, the remainder (25 per 
cent.) consisting of univalent and bivalent metals. The molecular 
ratio is given by the formula A1 2 0 3 : RO (or R 2 0)=1 : 1. 

The form of silicic acid has been calculated by assuming that the 
alkali metals are combined in the mixed felspars with trisilicic acid 
(Si 3 0 8 IV ) and calcium with orthosilicic acid (Si0 4 IV ), 

Igneous (including also pyroclastic) rocks are compounds of various 
minerals ; consequently, their composition cannot be expressed by the 
stoichiometric method employed above. Yet it cannot be said that 
their composition is entirely random, as may be seen from the fact 
that whereas formerly rocks were classified according to their mineral 
composition, geological age and physical structure, today it is becoming 
more and more usual to group them on the basis of their chemical 
composition. I do not propose to deal exhaustively with these petro- 
graphic systems .J 

We have now to ask ourselves what is the nature of the connection 
proved to exist between, rocks and the soils derived from them. All 
we can answer is that the effect exerted by rocks upon soil formation 
varies very considerably. There are cases in which the character of 
soils differs in accordance with the character of the parent material — 
particularly in places where the other soil-forming factors have for 

* Given briefly in Blaxck, E.: “Handb. d. Bodenlehre,” Vol. I., pp. 90-111. 

t Sigmond, A. A. de: Intern. Mitt, fin* Bodenkunde, Vol. II. (1923), Nos. 2-3. 

J For details, see Behrend and Berg, “Ohemische Geologie,” pp. 56-62, and 
Buanck, E., “Handbuch der Bodenlehre,” Vol. I., pp. 114-134. 
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some reason or other not been able to assert themselves sufficiently 
to counteract the influence of the original rock. Ramann, for in- 
stance, has pointed out that in certain parts of Germany the quality 
of the soil corresponds exactly to the character of the parent rocks. 
Delage and Lagatu,* after mineralogically examining various alluvial 
soils of local formation in the South of France, showed that the 
soils thus formed have a composition so absolutely similar to that of 
the parent rock as to suggest their being detritus of the same rock 
rather more finely dispersed.! And by chemical analysis Ballenegger 
has shown that the composition of the <£ nyirok J? soil of the Tokay 
district in Hungary is remarkably similar to that of the parent 
material. t This would seem to contradict the views of the Russian 
school and of other scientists according to which 'the same soil type 
may be formed from rocks of very different character where climatic 
factors are dominant. The contradiction, however, is only an apparent 
one, since relative potency of the various soil-forming factors varies 
with changing conditions. The predominant factor may change, for 
ultimately all factors will interact to form the soil. 

Finally, we may say that the original unweathered minerals usually 
constitute the least active part of the soil, while the chemically weathered 
part has a particular significance in soil formation and the development 
of soil character . 

(b) Factors influencing the Chemical Weathering of Minerals and 
Rocks. — It should be noted that the term “ chemical weathering 
includes only the chemical changes of rocks induced by atmospheric 
influences. The term does not therefore include post- volcanic in- 
fluences, volcanic exhalations, etc. 

The most effective atmospheric factor is liquid water. Ice and snow- 
are inert and do not belong here. The presence of liquid water is 
a sine qua non of all chemical weathering. We may add also the 
materials dissolved in water and which originate from the atmosphere 
or are formed in the soil itself — e.g., nitric acid, ammonia, oxygen, 
carbonic acid, chlorides, sulphates, humus materials. The most 
important of these materials in their effect are carbonic acid and 
oxygen. 

1. Water as a Weathering Factor. — In chemical weathering water 
acts either as a solvent or as an agent of decomposition. The action 
of water as a solvent is confined mostly to gases and solids; solution 
of liquids is negligible. In connection with the dissolution of gases 
we must remember that atmospheric precipitations are continuously 
in contact with the air during their long descent to the earth, and 

* Delage and Lagatu: “ Constitution de la terre arable ” (Montpellier, 1905). 

f For details see \3igmqnx>, A. A. de: “fiber die Verwifcterurig der Boden 
und die Niitzlichkeit der mineralogisch-petrographischen Bodenanalyse ” 
(Foldtani Kozl., Vol. XXXVI., 1908), pp. 220-230. 

t Ballenegger, R. : “A tokajhegyaljai nyiroktalajrol 55 (Foldtani Kozlern., 
Vol. XLVIL, 1917, p. 20). 
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after reaching the soil remain in contact with the soil atmosphere 
for a considirable time and over a large surface. Nernst* has shown 
that when water comes into contact with several gases, the amount 
of each dissolved is the same as if the others were not present. The 
solubility of gases varies considerably, N, 0 and C0 2 — the gases 
involved in weathering — being relatively insoluble. Of these C0 2 and 
0 are the most soluble. Water also dissolves some ozone and ammonia 
from the air. 

The solubility in water of the solid materials varies considerably; 
pure water scarcely dissolves the rock-forming minerals at all, but 
some minerals (e.g., CaC0 3 and MgC0 3 ) are highly soluble in water 
containing carbonic acid, with which they form easily soluble bicar- 
bonates. This is usually regarded as pure solution, though actually 
solution is accompanied by chemical reaction. Similarly, carbonic 
acid converts slightly soluble phosphates into less insoluble com- 
pounds. Finally, recent work has shown that even the least soluble 
minerals — e.g., silicates— dissolve slightly in pure water and only after- 
wards are decomposed by water or carbonic acid or other material dis- 
solved in the water . 

We must therefore differentiate between the action of water as a 
solvent and as a decomposing agent; decomposition is affected either 
by the water itself or by means of dissolved substances. 

2. Electrolytic Dissociation of Water — Water itself only slightly 
possesses the property of dissociating into its free ions. According 
to Kohlrausch and Heydw^eiler, ten million litres of pure water at a 
temperature of 22° C. contain 1 gramme of H ions and 17 grammes 
of OH ions, equal to 1 gramme-molecule of water. This so-called 
electrolytic dissociation of water increases considerably with rise in 
temperature. The reaction may be expressed by the following 
equation: 

HsO^H’ + QH', 

where Hr represents hydrogen ions charged with positive electricity, 
and OH' negatively charged hydroxyl ions. Electrolytic dissociation 
follows the law of Mass Action- — i.e. : 

[Hr] . [OH'] _____ 

[h 2 0] 

The brackets represent concentrations of molecules or ions calcu- 
lated as gramme-molecules in 1 litre of water. Since water breaks 
up into ions only to a very slight extent [H 2 0] may be regarded as a 
constant. K is also a constant at any given temperature, and conse- 
quently we may transfer the [H 2 0] to the right side of the equation. 
The resultant constant [H 2 0],K is designated K w , the ee dissociation 

* Nernst, W.: Zeitschrift phys. Chem., Vol. VIII. (1891), p. 110. 


GEOLOGICAL AND PETROGRAPHIC SOIL-FORMING ' FACTORS 15 

constant of water.” At a temperature of 22° C. it amounts to roughly 
10' 14 ; in other words, 1 litre of -water contains 10“ 7 — 0*0000001 
gramme-ion of H* or OH'. This shows that the molecular quantity 
of undissociated H 2 0 is relatively so large that it may be regarded as 
constant. The fact that K w changes with change of temperature is 
due to the [H a O] value being more sensibly affected by the change of 
temperature than K* 

Water occupies a quite peculiar position among chemically homo- 
geneous liquids. What interests us here are its peculiar properties 
as the solvent of so-called electrolytes, and particularly its faculty of 
very considerably increasing the dissociation into ions of dissolved 
electrolytes. This phenomenon is the result of the high dielectric 
constant of water. 

3. Effect of Dissolved Electrolytes on the Dissociation Constant of 
Water . — When electrolytes dissolve in water, they separate more or 
less into ions. Where the latter include H ions, they naturally increase 
the number of H ions in the water. Now, since [H*] . [OH'] — K w and K w 
is constant at a given temperature and concentration, the increase of 
[H*] must be accompanied by a proportionate decrease of [OH'], 
and conversely, where the dissolved electrolytes increase [OH'], 
there must be a corresponding decrease of [H*]. Thus acids which 
increase the amount of hydrogen ions in water also increase [H*] — i.e., 
the C H value, while alkaline solutions increase [OH'] — i.e., the C 0H 
value. In other words, all aqueous solutions contain hydrogen and 
hydroxyl ions — whether the solution is acid, neutral or alkaline. 
Neutral aqueous solutions are those which contain equal amounts of 
hydrogen and hydroxyl ions, the C H and C G1I values at 22° C. being 
each exactly 10 “ 7 . In acid solutions C H , and in alkaline solutions 
C on , increases. 

Hence, if we know the [H*] and K w values of any solution, we can 
immediately calculate [OH']. 

4. What is the pH Value ? Its Significance in Pedology. — The term 
“ pH value ” w r as introduced by the Danish chemist Sorensen.f 
It is simply the negative logarithm of the hyclrogen-ion concentration. 

In Table IV. are given the pH values and hydrogen-ion concen- 
trations [C H ] of some common acids, and in Table V. of some alkaline 
solutions, which are of the greatest importance from the pedological 
point of view, the figures having been calculated on a conductivity 
basis by Dr. John di Gleria. 

Here I should point out that the reason why the so-called strong 
acids (HC1, HN0 3 , H 2 S0 4 ) are more effective than weak acids of 
the same concentration (acetic, citric, phosphoric acids) is that their 
hydrogen-ion concentration is much higher. The pH value of 0*01 
normal HC1 or HNO s is, however, about 2, while that of 1 per cent. 

* Michaeus,. L. : “Die Wasserstoffionenkonzentration,” Vol. I., p. 11. 

t Sorensen, 8. P. L.: 44 EnzymstudierL,” II. Biochem. Zeitschr., 1900, 
Vol. XXL, p. 131. 
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citric acid — which corresponds to 0*052 normal— is 2*13 and that 
of 2 per cent, citric acid (0*104 normal) is 1*95. From this it follows 
that the effects of 0*01 normal HN0 3 are about the same as those of 
1 per cent, and 2 per cent, citric acid, which are both stronger than 
normal acetic acid, which corresponds to 6 per cent, acetic acid. 

Alkaline solutions may also be classified as weak or strong. Here, 
however, the C H value is smaller and the pH value greater in weak 
than in strong solutions. Particularly striking is the fact that the 
pH value of NH 3 — even at high concentrations— is considerably less 
than that of the strong alkaline solutions NaOH and KOH. 

In soil and rock weathering a special role is played by carbonic acid 
(i.e., carbon dioxide) and humic acids, and I have therefore given the 
pH values of these acids in separate tables. 

Table VI. contains the figures obtained by Wiegner* for the 
pH value of certain concentrations of C0 2 important from the point 
of view of soil science. 


TABLE VI 


CO 2 Volume 
per Gent . in 
the Air at 

18° C. 

- ■!■■■ . 

CO 2 Content of ~~ , , . 

the Air Ex- 

pressed in Atm. A, floor l 

Pressure at Water at 18° O. 

18 o q \ Grammes ). 

. .. 

pH. 

Notes. 

0*03 

0*0003 

0*00054 

5-72 

Normal C0 2 content of 
the air. 

0*30 

0*003 

0*0054 

j 5-22 

Average C0 2 content of 
soil air. 

1-00 

0*01 

0*0179 

4-95 

High CO 2 content of 
soil air. 

10-00 

0*10 

0*1787 

4-45 


100-00 

1*00 

1-7870 

3-95 ; 

Water saturated with 
CO 2 at 1 atmosphere 
pressure. 


It should be noted that the dissociation constant of the humic acid 
found in soils lies between that of acetic acid (1*82 xlO" 2 ) and that of 
carbonic acid (3*0 x 10 -7 ).f Table VII. shows the pH values of humic 
acid determined by Kotzmann. 

* See Wiegner, G. : <c Anleit. z. quant, agrik. ehem. Prakt. ” (Berlin, 1926), 
p. 152. 

t Compt, rend, de la Conference extraordinaire Agropedologique a Prague 
(1922), pp, 225-243. 
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TABLE VII 

1. Humic Acid in n/10 Suspension 

(. According to the Data of L, Kotzmann.) 

Extracted from the soil of “ Porhatiy ” . . 3-19 pH. 

„ ,, “ Csiszta ” . . . . 3*40 pH. 

„ “Tyukod” .. 3*29 pH. 

2. Humus oe Pine Forest 

(According to the Data of H. Hesselman. ) 

Humus from Sehwarzwald (Black Forest), 

(Calmbaeh, .Langenbrand) .. .. .. 3 *6-3 *8 pH. 

Humus from Norrland . . .. .. .. 3*9-4* 1 pH. 

„ „ Lappland . . . . . . . . 3*6-3*8 pH. 

The figures show that the pure humic acids prepared by Kotzmann 
had somewhat lower pH values than the natural humus substance 
given by Hesselman — a circumstance quite intelligible in view of the 
fact that under natural conditions the humic acids do not lose all the 
absorbed bases. It will be seen also that the pH value of N/10 humic 
acid is roughly the same as that of N / 100 acetic acid and that humic 
acid is stronger than carbonic acid. 

5. The Hydrolysis of Salts dissolved in Water . — As already stated, 
salts dissolved in water dissociate either partly or entirely into anions 
and cations — e.g. : 

NaCl 7^ Na-+Cr (1) 

The liberated ions, however, react with water according to the 
following equations: 

Na* +H a O“Z!HaOH+ H* (2) 

or + H a O— !HC1 4- OH' (3) 

Where the dissolved salt is a combination of a strong acid and a 
strong alkali, hydrolysis also produces a strong acid and a strong base ; 
in very weak solutions the acid and base dissociate completely — i.e., 
reactions (2) and (3) go completely towards the left-hand side, and 
the solution remains neutral, since there is no change in the concentra- 
tion either of the hydrogen or hydroxyl ions. This is not so, however, 
when the salt of a weak acid combined with a strong base or of a strong 
acid combined with a weak base is dissolved in water. When, for 
instance, dissolved sodium acetate dissociates into ions, the sodium 
ions react with water as shown in equation (2), and the NaOH being 
a strong alkali then dissociates completely, in dilute solution, into 
Na e and OH'. But, since acetic acid has a weak acid anion, even in 
dilute solution it only slightly dissociates, with the result that the 
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balance between the H and the OH ions is shifted in favour of the 
latter. An acetic acid salt solution consequently reacts- alkaline, since 
its 0 H value is lower and its pH value higher. On the other hand, 
where the dissolved salt dissociates into strong acid anion and weak 
basic cation, there is an increase in the quantity of H ions, the 0 H 
value becoming higher and the pH value lower. This is why A1C1 3 
and FeCl 3 form acid solutions in water. Table VIII. gives the 
reaction numbers (pH) of some important salts. 

TABLE VIII 

C H and pH Values of n, n/10, n/100, n/ 1,000 of Some Salt 
Solutions and of Zeolite Suspensions 


(a) Salt Solutions. 



N. 

N/10. 

■ 

N/ 100. 

n; 1,000. 

Oh * 

pH. 

c„. 

pH. 

Oh-. 

pH. 

C„. 

pH. 

KCI 

2-00 X 10- 7 

6*7 

2-51 XlO- 7 

6*6 

1-59 XlO- 7 

6*8 

1-59 XlO- 7 

6*8 

NHjCl • • 

3-16 XlO- 5 

4*5 

1-00 xio- 5 

5*0 

3-16 XlO- 6 

5*5 

3-16 XlO- 7 

6*5 

CaCl 2 

6-31 XlO- 8 

7*2 

1-59 X 10- 7 

6*8 

2*00 XlO" 7 

6*7 

2-00 XlO- 7 

6*7 

A1C1 3 

2-55 XlO- 5 

4*6 

7-94 XlO- 6 

5*1 

2-00 XlO- 6 

5*7 

1-00 XlO- 6 

6*0 

(NH a ) a SO, 

3-98 XlO- 6 

5*4 

7-94 XlO- 7 

6*1 

1-59 X lO- 7 

6*8 

1-69 XlO- 7 

6*8 

A1 2 (S0 4 ) 3 .. 

1-00 XlO- 5 

5*0 

3-98 XlO- 6 

5*4 

1-59 XlO- 5 

5*8 

1-00 X 10- 6 

6*0 

Na 2 H 3 0 2 . . 

3-16 XlO- 10 

9*5 

1-00 xio- 5 

9*0 

3-16X10- 9 

8*5 

3-16 XlO- 8 

7*5 

Na 2 C0 3 . . 



4-47 XlO- 12 

11*36 






(b) Zeolite Suspensions. 


C H . pH. 

Ba zeolite .. .. .. 2*51 XlO’ 9 8*6 

Ca zeolite .. .. . ... 2*00 X 10‘ 9 8*7 

Na zeolite .. .. . . 7*94 XlO" 11 10*1 


The table also shows that artificial zeolites — which to some extent 
resemble the saturated absorbing complexes of the soil — react alkaline 
although chemically they are saturated and should therefore be neutral 
compounds. 

Let us now inquire what active substances are contained in the 
precipitation water which causes chemical weathering. We have 
seen already that water absorbs more oxygen and even more carbon 
dioxide than nitrogen. The role of oxygen in weathering is to oxidise 
oxidisable compounds. Most of the rock-forming minerals are, 
indeed, fully oxidised already, so that oxygen has no effect upon them; 
however, we find compounds of iron and manganese which arc still 
oxidisable, as is also dead organic matter. The iron and maaganesc 
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in silicates are usually bivalent, at which stage of oxidation their 
bicarbonates are readily soluble and oxidisable by the oxygen in the 
precipitation water which precipitates them as hydroxides or higher 
oxides. In certain cases iron is found in the form of insoluble ferrous 
sulphide, which may be oxidised to ferrous sulphate, and under certain 
circumstances even free sulphuric acid is formed. Under different 
conditions this reaction may be reversed — viz., where there is a shortage 
of oxygen and the higher oxides of iron and manganese come into 
contact with reducing substances (e.g., humic matter). Thus, while 
on the one hand certain iron and manganese compounds are precipi- 
tated, on the other hand insoluble ferrous sulphide becomes mobile 
by oxidation. In both cases a shortage of oxygen induces the reverse 
process. 

Opinions differ with regard to the role of dissolved C0 2 , to which 
great importance was formerly attributed as a factor in chemical 
weathering. It has now been shown that the presence of w r ater is in 
itself sufficient explanation for most of the chemical reactions ensuing 
and that the C0 2 found in water occurs mostly (e.g., 99*44 per cent.) 
as an anhydride, only a very slight proportion (e.g., 0*56 per cent.) 
dissolving in the form of H 2 C0 3 , the latter being approximately 
91 per cent, dissociated into H* and HCO' 3 . There can be no doubt, 
however, that carbonic-acid wuter reacts with both carbonates and 
silicates to a far greater degree than these conditions would lead us to 
expect. The explanation of this — that the hydrogen ions consumed 
are continuously replaced so long as any C0 2 remains absorbed in the 
water — illustrates the importance of carbonated water as a factor in the 
I chemical weathering of minerals. Particularly important is the action 
1 of carbonated water in dissolving alkaline -earth carbonates (CaC0 3 , 
MgCOg, and dolomites) and ferrous carbonate (Pe00 3 ), which are 
frequently found among the decomposition products of silicates. It 
is highly probable, therefore, that carbonated water is an important 
factor in their weathering too. 

It has long been known that the air contains certain cpiantities of 
ammonia, and nitrogen tri- and pentoxides. Boussestoault found 
that the quantity of combined nitrogen brought down on 1 hectare 
by the annual rainfall is altogether 2*7 kilogrammes (1*82 kilogrammes 
ammonia nitrogen and 0*88 kilogramme nitric acid). The figures 
collected at Rothamsted and Gembloux are higher (about 3*6 kilo- 
grammes). 

Of the chlorides, NaCl especially is found in air, and therefore in 
rain, but the bulk of it is dissolved from solid rocks. According to 
Clark, the proportion of Cl in the eruptive rocks of the lithosphere 
averages 0*063 per cent, and in calcareous rocks 0*02 per cent. This 
is the origin of all the chlorides in fresh water and accumulating in sea 
water. Chlorides do not, however, play any important role in chemical 
weathering. 

Sulphuric acid and sulphates originate either from the pyrites and 
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marcasite of rocks or from organic sulphur by the reduction of organic 
substances. 

From organic sulphur certain bacteria evolve H 2 S, which precipitates 
iron in the form of ferrous sulphide. By contact with the air H a S0 4 
is produced. Although the quantity of the sulphuric acid thus 
produced is usually not large, the distribution of sulphates in soils 
and waters proves that this process is fairly general. And since 
it is a strong acid, even a small quantity of sulphuric acid can play 
an important role in the process of chemical weathering. In soils 
carbonates are frequently followed by sulphates ; indeed, in dry regions 
gypsum accumulation is by no means rare. Under humid conditions, 
however, their greater solubility renders sulphates more liable to 
leaching than carbonates, except where the subsoil is impermeable. 
In Finland, for instance, there are salty soils containing large pro- 
portions of aluminium sulphate. These are impermeable, peaty soils, 
so that there is an accumulation of sulphates, while as a result of 
hydrolysis the aluminium sulphate produces a highly acid reaction.* 

Finally, the humus substances, and in particular the humic acids 
produced during the decomposition of dead organic matter, are also 
active factors in the weathering of rocks. We shall discuss their 
nature later. Here I will only point out that as acids they increase 
the hydrogen-ion concentration and thereby accelerate chemical 
decomposition of minerals, and as protective colloids forming emulsions 
they increase the stability of colloidal dispersions and thereby the 
mobility of the insoluble weathering products. 

6. The Effect of Hydrolysis on the Solubility of Silicates . — From what 
has already been said it will be clear that the bulk of the earth’s 
crust consists of silicates, which consequently also form the main 
parent mineral material of soils. According to recent theories the 
chemical weathering of silicates consists in the alkali and alkaline-earth 
cations (K*, Na*, Ca**, Mg**) going into solution with hydroxyl ions in 
a state of strong dissociation. In the presence of abundant C0 2 , the 
less soluble and less dissociated Ca(OH) 2 and Mg(0H) 2 form easily 
soluble bicarbonates, thus considerably increasing the solution of Ca 
and Mg cations. Carbonic acid here plays a peculiar role of its own. 
The Fe and Mn in silicates are usually present in bivalent form, and 
their hydroxides, being insoluble in water, are precipitated unless the 
presence of abundant carbonic acid causes the formation of bicarbonates 
which are leached out. In contact with oxygen, however, ferric and 
manganic oxides and hydroxides are precipitated. 

The fate of the different constituents may vary considerably according 
to the conditions. The most resistant are Si and Al, as their oxides 
and hydroxides are practically insoluble. Hence they usually accu- 
mulate in the residue from the weathering of the silicates, whereas 
the others are more or less leached out. Particularly resistant is 

* See Aarnio, R. : “ tTber Salzboden (Alaunboden) des liumiden. Klimas in 
Finnland 55 (Intern. Mitteil. f. Bodenkunde, Vol. XII., p. 180). 
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AJ o 0 , for there are circumstances under which Si0 3 is almost completely 
leached out, only A1 2 0 3 being left behind. That the weathered crust 
on the surface of silicates has become poorer in certain mobile con- 
stituents, and that the residue— though its composition varies— 
consists mostly of AL0 3 , Si0 2 and some Fe 2 0 3 , is, according to 
Ramann’s weathering theory, attributable to the hydrolytic effects of 
water and to the consequent dissolutions and teachings. Recently 
it lias also been suggested that the primary products of hydrolysis 
react with one another forming new chemical compounds or colloidal 
gel complexes, which bind, either chemically, physico-chemically or 
purely physically, some of the cations which would otherwise have 
been soluble. As the result of the weathering of the silicates there thus 
remains a certain insoluble complex, which becomes the seat of various 
absorption phenomena and may lead to the formation of new chemical 
compounds. 

Recent researches* enable us to assert with a certain probability 
that the colloidal fractions of soils may contain crystalline mineral 
compounds (montmorillonite, halloysite, bentonite, beidellite, etc.) 
which to some extent resemble, without actually being, zeolites; 
indeed, no crystalline zeolites have been discovered in the colloidal 
parts of soils. Later on we shall apply the term “ soil zeolites 55 in 
a collective sense to the active substance of the absorbing complex 
which is mineral in origin, without necessarily implying that the complex 
contains zeolites. This is the sense in which the term is used by 
Stebutt also, his whole pedological theory being based on the formation 
of zeolites. His conception of the decomposition of aluminium silicates 
is based upon the following general principles :f 

I. Original silicates : 


Si0 2 


ALCL 


MO 


II. At the moment of hydrolytic decomposition : 


1 ■' ■ ' -1 

SiO s 

AUOy 

MO 

/ 7 

7 1 

V 

77 

1 

\ 

SiOj 

Al 2 O a 

MO 


* See Ross, C. S.: “The Mineralogy of Clays” (Proc. 1st Int. Cong. Soil 
Sc., 1928, Vol. IV., pp. 555-561); Hendricks, S. R., and Fry, W. H.: “The 
Results of X-Ray and Mineralogical Examination of Soil Colloids ” (Soil Sei., 
Vol. XXIX., 1930, pp. 457-476); Kelley, W. P., Dore, W. H., and Brown, 
S. M. : The Nature of the Base-Exchange Material of Bentonite, Soils and Zeolites, 
as revealed by Chemical Investigation and X-ray Analysis 55 (Soil Sei., Vol. 
XXI., 1931, pp. 25-56). 

t See Stebutt, A. : “ Lehrbuch d. allg. Bodenkunde” (Berlin, 1930), p. 296, 
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III, Zeolite-formation : 


SiO, 

ALO, 

I MO 

/ " 

1 

l 

i \ 


AL3Q 3 

(zeolites) 


MO fH.O 


Formula III, is based on the assumption that as the result of 
hydrolysis the original aluminium silicates first break up into their 
constituents, which then if conditions are favourable again partly 
unite in the form of zeolites. Naturally the products of hydrolysis 
usually unite in the form of zeolites in different stoichiometric ratios 
from the original silicates, so that we also find residual products, 
(particularly compounds containing Si0 2 and MO). 

Rut the soil-forming factors are not always favourable to the forma- 
tion of zeolites. According to Stebtjtt, only the genetic circumstances 
producing steppe and some alkali soils cause the formation of zeolites 
in the neutral or slightly alkaline media prevailing during the 
weathering of the silicates ; particularly favourable to zeolite formation 
is the presence of abundant CaC0 3 and a dry climate. Where, however, 
there is an entire lack or only a slight amount of CaC0 3 and the medium 
is acid, zeolites either cannot foi*m at all or if formed are again decom- 
posed. Where no zeolites at all are formed, the constituents broken 
down by hydrolysis remain separated, as shown by the following 
formula : 

IV. Complete decomposition (destruction) of silicate molecule: 


SiO 2 

A!.,0 3 

MO 

/ 

1 

\ 

/ 

1 

\ 

SiO a 

A1 2 O s 

MO 


1 

/ 

SiO s + H 2 0 

Al a 0 3 + H 2 0 

MO+R 


Si0 2 and A1 2 0 3 combined with water form insoluble precipitates 
(silicic acid and aluminium hydrate gels respectively); the bases (MO), 
however, combined with acid ions (humic or carbonic acid) form soluble 
or insoluble compounds and then are either leached out or accumulate. 

The second alternative referred to above usually takes place where a 
steppe soil comes under the influence of acid leaching processes. In 
this case the zeolites of the steppe soil are gradually broken up by the 
acid medium. The ultimate result is the same as before, but in this 
case the reaction has four phases as shown in formula V . : 
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V. Separation (degradation) of zeolites formed: 


SiCL 

AI 2 O 3 

MO - 

/ 

1 

\ i 

/ 

1 

\ 

Si0 2 

ai 2 0 3 

MO 

\. 

1 

/ 

Si0 2 4 

Ab03 4" 

1 

MO +H 2 0 

/ 

\ 

Si0 2 +H 2 0 

A1 2 0 s +H 2 0 

MO+R 


The above formulae given by Stebutt are particularly instructive 
in that they fix clearly defined types characterising the main trends of 
the mineral weathering processes actually taking place in soils. Natur- 
ally they must not be taken to mean that the reactions take place 
in one or the other direction only ; but the several soil types are actually 
differentiated according to which of the different trends prevails and 
thus gives its character to the soil in question and affects its present 
dynamic behaviour. 

There are, moreover, phenomena indicating that the chemical 
decomposition of silicates is a gradual process. For the silicate 
molecules are attacked by water or carbonated water, which first 
dissolves the alkali and alkaline-earth metals from the network of 
silicate crystals, the alkaline solution thus formed then dissolving 
chiefly the Si0 2 , the A1 2 0 3 remaining and taking up water. According 
to Behrend* our present knowledge allows us to conceive the weather- 
ing of silicates taking place, not only as assumed by Ramann and 
Stebutt, but also by the dissociated OH ions gradually decomposing 
the silicate molecules, leaving the original combination of Si and Al 
in the insoluble weathering residue . 

7. Colloid-Chemical Effect of Water on the Insoluble Products 
of Silicate Weathering (, Si0 2 , A\O v Fe 2 0 3 ). — Colloidal dispersion does 
not represent any sharply defined physical condition; it is an inter- 
mediate but continuous stage between so-called coarse dispersion 
(larger than 100 yy) and molecular dispersion (less than 1 yy). The 
properties of the dispersion phase vary according to the size of the 
particles of the dispersed material. 

It might be expected that, on coming into contact, the dispersed 
particles would adhere and coagulate, but that does not happen ; 
on the contrary the colloidal dispersion, being a “ sol ” or colloidal 
solution, is stable, due to a special force keeping the particles apart. 
In some cases (emulsoids) a thick water envelope surrounds the 
ultramicrons, and in other cases (suspensions) the repulsion of electro- 
static charges on the dispersed particles prevents coagulation. 

As regards the electric charge on the particles Wiegner notes that 
it may be due to various causes. Firstly, the frictional electricity 

* See Behrenjd and Berg: 64 Chem. Geologie,” p. 270. 
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arising from the movement of the particles induces a certain electric 
charge. Then, ions are either detached from the dispersed particles 
or are taken up from the dispersion medium by the dispersed particles ; 
in both cases the result is that the dispersion phase becomes electrically 
charged. For instance, where negative ions are detached by the 
dispersion phase (dispersed particles) or where positive ions are taken 
up out of the dispersion medium by the dispersed particles {e.g., from 
a water solution), the dispersed particles or ultramicrons become 
positively charged. The electrical charge ensures the stability of 
suspensoids, as is proved by the phenomenon of cataphoresis or electro- 
osmosis. When we introduce into a dispersion system a positive 
and a negative pole, the normally negative {e.g., clay and humus) 



[Fig. 1. — An UltramicrOn in Dispersing Medium 

CONTAINING ELECTROLYTES. 

particles migrate to the positive pole, while the positive dispersion 
medium migrates to the negative pole. The migration of the dispersion 
phase is called cataphoresis , and that of the dispersion medium electro - 
endosmosis. The ele'ctric charge on the suspended particles is usually 
very high, increasing with the size of the particles. According to 
Wiegner*, every suspended — i.e dispersed — particle is surrounded 
by a double ion layer. The inner ion shell, which adheres to the 
particle's surface as the skin does to the hand, is the layer which, 
determines the electric charge on the particle and the stability of the 
dispersion. The outer ion shell, composed of ions with opposite 
charges to the inner shell, is a thick layer in dynamic equilibrium both 
with the electric forces of the inner shell and with the ions of the 
dispersion medium. This is illustrated by Fig. 1 . Wiegner compares 

* See Wiegner, G.: “Dispersitat und Basenaustausch ” (Actes de la IVeme 
Conf. Int. de Pedologie, Rome, 1924, Vol. II., p. 395). 
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the outer shell to a glove, which may be taken off without the skin 
adhering to the hand coming off with it. This is what happens in 
cataphoresis, when the negative ultramicrons migrate to the positive 
pole and the positive cations to the negative pole. 

The stability of a suspension depends upon the electric potential 
of the suspended particles, this being expressed by Wiegner in the 
following formula : 

■ £ $ 

~ D >- 2 , 

where V = electrical potential; n = number of the ions in the outer 
shell ; £ = quantity of elementary energy ; § = distance between 
outer and inner shell; D = dielectric constant; r = radius of the 
particle. Thus the electric potential varies directly with the charge on 
the ions and the thickness of the outer ionic layer, and inversely with 
the dielectric constant and the radius of the particle. The distance 
S decreases in proportion to the decrease in the hydration of the outer 
ions and to the increase in their electric charge. Experience shows 
that in general the potential of colloidal particles ranges from 
16 to 58 millivolts and that usually when the potential falls below 
a critical point the dispersion coagulates. The critical point varies 
with the thickness of the outer ion shell and with the degree of 
hydration of the ions. For instance, the potential of lithium clay is 
higher — and its sol more stable — than that of caesium clay; for the 
degree of hydration of lithium ions is the highest and that of caesium 
the lowest of the alkali metal cations. Hydrogen is the least hydrated 
of all. Consequently, the stability of the clays saturated with various 
cations increases from left to right in the following series: H-clay, 
Cs-clay, K-clay, Na-clay, Li-clay. The bivalent alkaline-earth metals 
form a similar lyophobe series, but, on account of their double electric 
charge, their clays are less stable than those of the monovalent cations. 
They can, however, be grouped according to the degree of their stability 
in the following order : 

Ba-clay, Sr-clay, Ca-clay, Mg-clay. 

This is the reason why soils saturated with sodium become fluid, wdiile 
calcium soils coagulate. 

Owing to their minuteness colloidal particles cannot be retained 
except by very fine filters. Sols of very fine dispersion may, indeed, be 
as mobile in soils as true solutions. 

We shall now consider in detail the three principal colloidal materials 
produced by the weathering of silicates — viz., silicic acid and hydrated 
aluminium and ferric oxides. 

(a) Silicic Acid. — As we have seen, silicic acid is a decomposition 
product of silicates ; in all probability at the moment of decomposition 
and for a certain time afterwards it is present in true solution and in 
various forms. It is true that SiO precipitates very rapidly out of 
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colloidal dispersions, forming silicic acid gels of varying density, 
which have been closely investigated by van Bemmelen,* but data 
exist indicating that silicic acid may also be present in molecular 
dispersion — i.e., in true solution. 

The final conclusion reached by BEHRENBf is as follows: In natural 
weathering solutions silicic acid is usually found as alkali silicate 
which, however, gradually decomposes into molecular solutions of 
alkalies and silicic acid, the latter then forming a colloidal dispersion. 
Consequently, during weathering silicic acid first appears as a molecular 
solution, remaining as such for a considerable time under favourable 
conditions, so that it may take part in chemical reactions. 

It must be borne in mind, however, that the dissociation constant 
of silicic acid is not yet kno wn. Most scientists are of the opinion that 
at normal temperature and in a weak solution silicic acid is only slightly 
dissociated. Its salts all decompose and produce an alkaline reaction. 
From what has been said, however, it is evident that this phenomenon 
can be attributed primarily to the fact that, while the colloidal silicic 
acid produced by the hydrolysis of silicates does not take part in any 
chemical reaction, the hydroxides of the alkalies and alkaline -earths 
chemically combined with the silicic acid form a true solution in mole- 
cular dispersion and in a highly ionised condition, increasing thereby the 
OH' concentration of the water . For this reason NTggli and J ohnston J 
refuse to endorse the general view that silicic acid is a weak acid. 

(b) Aluminium Oxide. — The general opinion is that A1 2 0 3 is the 
least mobile decomposition product of the weathering of silicates. 
Hence the loss caused during silicate weathering is usually reckoned 
on the basis of the ratio of the A1 2 0 3 to Si0 2 . Under certain circum- 
stances, however, the A1 2 0 3 may also migrate — e.g., in soils in which 
protective colloids such as humus sols prevent the precipitation of 
aluminium oxide. Of peculiar interest to the pedologist is the 
precipitation of aluminium oxides due to the effect of silicic acid sols. 
The latter being usually negatively charged, while A1 2 0 3 suspensions 
are positively charged, the two oppositely charged suspensions pre- 
cipitate one another more or less completely. 

On this point I obtained interesting results during my researches 
on artificial zeolites. For my experiments I used solutions of sodium 
silicate and sodium aluminate. These solutions I prepared by 
dissolving in approximately normal NaOH as much Sx0 2 and Al a 0 8 
respectively as was possible at normal room temperature. Though 
mixed in varying proportions these solutions always yielded a white 
precipitate, while the solution remaining was far more alkaline than 
the original one. I shall not discuss here the question whether the 
precipitates formed are true chemical compounds or merely mutual 

* See van Bemmelen : u Die Absorption ” (Steinkopffs Verlag, Dresden, 1910). 

f See Behrend and Berg: u Chem. Geologie,*’ p. 302. 

J See Niggli, P., and Johnston, I.: N. Jahrb. f, Min., 1914, Vol. XXXVII., 
p. 529. 
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precipitations of Si0 2 and AI 3 0 3 gels; the fact remains that by changing 
the initial ratios of Si0 2 and" A1 2 0 3 both the composition and quantity 
of the precipitate changed (see Table IX.). 


TABLE IX 


Initial Ratio of 

A1 2 O s : Si0 2 . 

Percentage of Precipitation calculated to the Original 
Content of : 

■ ' " ■ " ' ■ ■■ ■■ . . ■ . ■ . ; ' . ■ ■ ' . ■ 

■SiO,. 

AIA- 

SiO a + Al a 0 3 . 

1 : 1 

100 

37-39 

60*6 

1 : 2 

100 

75*06 

90-8 

1 : 3 

93 

95-2 

93*8 

1 : 4 

79 

92*6 

82*4 

1 ; 5 

70-8 

97*7 

77*6 

1 : 10 

76-4 

100*0 

54*4 

1 : 20 

32-1 

100*0 

37*7 


The table shows that in a highly alkaline medium, and with an 
initial ratio of approximately 1 part A1 2 0 3 to 3 parts Si0 2 about 
95 per cent, of the dissolved A1 2 0 3 and about 93 per cent, of the 
Si0 2 are precipitated. With wider ratios the precipitation of A1 2 0 3 
increases and that of Si0 2 decreases. In felspars the ratio of A1 2 0 3 
to Si0 2 ranges from 1 : 2 (anorthite) to 1 : 6 (albite, adular), approximat- 
ing the latter ratio in the alkali felspars. The quantity of A1 2 0 3 
precipitated in the alkaline solutions produced during weathering 
exceeds that of Si0 3 . During the further course of my research work 
it was also shown that the dissolution of Si0 2 may be considerably 
increased by increasing the relative quantity of Na g O.* The relevant 
data are given in Table X. 


TABLE X 


Experi- 
ment No, 

Initial Molecular 
Ratio of ; 

Parts per 100 Na 2 0 in the 
Original Solution of : 

Molecular Ratio in 
the Final 
Precipitate: 

SiO 2 

: A1 2 0 3 : Na 2 0 

XJl 

O 

to 

ai 2 o 3 

Si0 2 + AU0 3 

Si0 2 : A1 2 0 3 : BO 

6 

10 

: 1 : 4-58 

218-5 

21*85 

240*30 

4-57 : 1 : 0-98 

8 

10 

: 1 : 11-68 

85*59 

8*56 

94*1 

3-47 : 1 : 1-02 

9 

10 

: 1 : 10-62 

94-12 

9*41 

103-5 

3-44 : 1 : 1-22 

10 

10 

: 1 : 21-23 

47*06 

4*70 

51*8 

3-03 : 1 : 1-00 


* bee biGMOND, A. A. J. vox: u Uber die Characteri s ierung des Bodens auf 
Grand des salzsauren Bodenauszuges, etc. ” (Int. Mitt, f Bodenkunde 
Voi. IV., 1915, pp. 352-6). 
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The above data prove clearly that an increase in the molecular 
proportion of Na 2 0 is accompanied by a considerable decrease in the 
proportion of Si0 2 found in the precipitate. 

We shall return to these experiments, because we must fully 
understand the behaviour of the precipitates thus formed. In the 
present connection I merely wish to show that in an alkaline medium 
the Al 2 0 3 is usually 'precipitated together with a part of the silicic acid 
and with some of the bases, while the rest of the silicic acid and bases 
remains in solution and may be leached out. This occurs during the 
weathering of natural silicates in pure water . In an acid medium , 
however, different conditions prevail ; to this point we shall return 
later. 

Aluminium does not form stable compounds with weak acids 
nor with carbonic acid except under special circumstances. In this 
respect it differs essentially from iron and is consequently far less 
mobile. Aluminium is mobile only when some strong mineral 
acid (e.g., sulphuric acid) is present — i.e ., where aluminium sulphate 
is formed and may therefore be leached out. So far no one has 
succeeded in preparing a true molecular solution of A1 2 0 3 ; but the 
structure of the hydroxides of aluminium are well known from the X-ray, 
spectroscopic and chemical experiments of Haber,* * * § Willstatter,! 
KrautJ and Bohm.§ Thus it is known that hydrargillite corresponds 
to the orthohydroxide Al(OH) 3 , and bauxite and diaspore to the meta- 
hydroxide AIO(OH). There is a series of polyhydroxides between 
these two hydroxides. The adsorption capacity of A1(0H) 3 is high, 
that of AIO(OH) is low. In general Al(OH) 3 when in a fresh state 
is very reactive ; but gradually it loses some of its reactivity (hysteresis), 
becoming less soluble in both acids and alkalies. 

(c) Iron. — Iron in silicates is usually bivalent, though during weather- 
ing it generally becomes trivalent and stabilises as Fe(0H) 3 . It 
possesses colloidal properties similar to Al(OH) 3 , though it is by no 
means so stable as the latter. This is due partly to its being reducible 
and to the fact that the ferrous compounds are easily soluble, while 
ferric compounds hydrolyse easily — like the corresponding compounds 
of A! — and form Fe(OH) 3 . Bivalent iron is a very mobile constituent 
in soils, combining with humus sols either to form soluble humates 
or colloidal sols; but where circumstances are favourable to its 
oxidation, it precipitates and forms concretions. According to the 
results shown by Bohm’s X-ray spectroscopic experiments,]] goethite 
corresponds to the formula FeO(OH). Limonite and other similar 
brown ferric hydrates have proved to be fine crystalline goethite. 
Freshly precipitated ferric hydroxide — Fe(OH) 3 — has on the other 

* See Hauer, F. : Ber. D. Chem. Ges., 1922, Vol. LV., p. 1717. 

t See Willstatter: Ibid. (1925), Vol. L VEIL, pp. 2448-58 and 2458-62. 

% See Kraut, H. : Zentralblatt f. Min., 1926, Vol. CXLIX., pp. 64-80. 

§ See Bohm, J. : Zeitsehr. anorg. Chem., 1925, Vol. CXLIX., pp. 203-06. 

I! See Bohm, J.: Zeitsehr. anorg. Chem., 1925, Vol. CXLIX., pp. 210-16. 
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hand proved to be an amorphous material which after dehydration 
forms Fe 2 0 3 , from which we again get goethite by heating with KOH. 
Since Fe 2 (()H) 3 sols are positively, while the surface of most minerals 
is negatively, charged, Fe(OH) 3 dispersions are adsorbed on the surface 
of most minerals, while under similar circumstances $i0 2 or clay 
soils, being negatively charged, are not adsorbed. Quite recently 
Reifenberg has shown that silicic acid sols may render mobile 
oxides and hydroxides of iron, combining with them to form peculiar 
adsorption compounds, the striking colours of which are responsible 
for the characteristic colours of certain soils (red earth, brown earth, 
etc.). 53 '* In combination with ferrous oxide silicic acid forms green 
sols which turn yellow when oxidised, and reddish-brown sols with 
colloidal ferric hydroxide. 

(d) Chemical Weathering Products . — The products of chemical 
weathering may be grouped in various ways. Taking first their 
physical behaviour, we find that while some dissolve in water and are 
therefore very mobile and easily leachable, others are completely or 
almost completely insoluble, thus accumulating as a weathering 
residue. The dissolved materials may be either molecularly dissolved 
compounds or very fine colloidal dispersions (sols). The insoluble 
part may be either crystalline or amorphous, the latter being either 
loose gels or solids. As a consequence of these differences in physical 
properties, the end product of weathering varies considerably according 
to the circumstances. 

Taking their chemical behaviour, we find that here too the 
decomposition products resulting from the weathering process are 
very various. Some are well-defined chemical compounds, mostly 
salts, which ionise more or less in water. Although these products 
are chemically speaking the most active weathering materials, never- 
theless, being easily soluble, they are generally leached out and cannot 
be recovered in the weathering residue. In the residue we may also 
find some vrell-defined salts (e.g., CaC0 3 , CaS0 4 , Ca 3 (P0 4 ) 2 , etc.), but 
it is mainly a mixture of unknown chemical compounds. 

However, in a review of the products of chemical weathering it is 
not enough to discuss only the soluble constituents. For the minerals 
can be decomposed in various ways and degrees. Sometimes a mineral 
is entirely dissolved on the surface, leaving gaps or holes unfilled or filled 
only by newly formed insoluble products precipitated from solution. 
It may also happen, however, that the most exposed and most loosely 
combined constituents are separated from the crystalline frame by 
dissolution or exchange. In the case of alkaline felspars, for instance, 
only the alkalies are exchanged by hydrogen and only a part of the 
silicic acid is leached, while the most resistant nucleus remains behind, 
forming kaolin in place of the original felspar. Again, when the iron 
is extracted from black mica, the original atomic structure of the 

* See Reifenberg, A.: “Die Entstehung der Mediterrau-Roterden (Terra 
Rossa),” Dresden and Leipzig, 1929, pp, 61-3. 
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mineral is left intact (called by Rin n£ “ Baueritisierung ”). This is 
the residual mineral structure described by Harrassowitz . * Some- 
times this residue is very loose, and the crystalline atomic structure 
disintegrates completely, leaving behind very loose material. In 
the case of olivine, for instance, all the Mg and Fe is removed, leaving 
behind pure silicic acid gels. According to Harrassowitz, the 
decomposition of felspars is not continuous, but takes place at intervals 
and abruptly. The first phase is the dissolution of the alkalies and 
alkaline-earths, followed by the removal of the more loosely combined 
silicic acid. This leads again to the formation of various transitional 
weathering residues, the principal representatives of which are the 
so-called allophanes — kaolins and laterites. 

Behrejstd distinguishes three types of silicate weathering — viz., 
clay, kaolin and laterite formation. The formation of kaolin he 
describes as being merely a special variety of clay formation, so that 
strictly speaking there are only two main types of silicate weathering 
—viz., laterite and clay formation. 

During the process of laterite formation, Behrend found that 
the residue consisted mainly of A1 2 0 3 , Fe 2 0 3 and H 2 0 ; in the case of 
clay formation chiefly Ca.0 and Na 2 0 were leached out, the loss 
of Si0 2 being only slight, while the other constituents apparently 
increased. 

Harrassowitz also to some extent couples clay and kaolin, forma- 
tion, but, in order to understand his theory, we must first consider 
certain mineralogical and petrographical terms, the definition of 
which, as given in scientific literature, is very vague and at times 
even contradictory. 

Harrassowitz applies the term kaolin to that crystalline mineral 
which can be decomposed by concentrated sulphuric acid but not by 
hydrochloric acid, and the composition of which is Al 2 0 3 .2Si0 2 . 
2H a O. He uses the term kaolinite for rock composed chiefly of 
kaolin. 

He uses the term allophane for the aluminium hydro -silicates of 
colloidal dispersion unknown in the form of microscopic crystals 
which can be decomposed by strong hydrochloric acid, though their 
chemical composition varies. The term allophanite is applied by him 
to rock which consists principally of allophane . 

He calls kaolinite and allophanite by the common collective term 
siallites , These are alumino -hydro -silicates . 

The term bauxite is applied to rock which consists principally of 
the monohydrate of aluminium oxide, A1 2 0 3 .H 2 0 or AIO(OH). 

The term laterite is applied to rock which consists chiefly of the 
almost crystalline trihydrate of aluminium oxide, Al 2 0 3 .3H.,0 9 or 
A!(OH) r 

* Harrassowitz, H.: u Laterit, Material und Versucli 6. erdgeschichtlicher 
Auswertung.” (Fortschritte d. Geol. u. Paleontologie, VoL IV., 1926, 
pp. 266-71.) 
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Bauxite and laterite are allites— rocks consisting chiefly of hydrates 
of aluminium oxide. 

This grouping is clear and inclusive ; for that reason I have thought 
it expedient to refer to it in detail, although scientists do not always 
employ the terms in Harrassowitz’s sense. But all scientists agree 
that there is a definite difference between the amorphous alumino- 
hydro-silicates decomposed by strong HOI (i.e., van Bemmelen’s 
A-complex) and kaolin; for the latter is of invariable composition 
and cannot be decomposed by hydrochloric acid, only by strong 
H 2 S0 4 (van Bemmelen’s B-complex). 

From what has been said, it will be seen that during the weathering 
of the silicates there may be formed both zeolitic and other compounds 
besides A1 2 0 3 and Si0 2 gel mixtures — all these being characterised as 
easily attacked by hydrochloric acid and as having more or less base- 
exchange capacity. Kaolin, on the other hand, cannot be decomposed 
— or only very slightly — by hydrochloric acid ; and it does not possess 
any cation absorption until after it has been boiled or fused with alkali. 
It is evident, therefore, that in the latter case the connection 
between Si0 2 and A1 2 0 3 is closer than in the former and is of a 
different kind. 

An interesting fact established by Harrassowitz,* which would 
appear to confirm the above hypothesis, is that whereas in the case 
of orthoclase kaolin may really be formed, the products resulting 
from calcium and sodium felspars are allophanoids. It would seem 
that in orthoclase the aluminium combines better with a part of the 
Si0 2 (in the ratio A1 2 0 3 : 2Si0 2 ) than with the rest of the silicic acid 
or than in calcium felspars, in which, as is well known, the ratio of 
silicic acid to aluminium oxide is different. Should this hypothesis 
be confirmed by later researches, the formation of kaolin or allophane 
(zeolite) is effected independently not only of external factors and 
circumstances, but also of the original mineral material. In both 
cases, however, the process has really three phases : 

1. Removal — in various degrees — of the bases (CaO, K 2 0, Na 2 0) 
of the original silicate. 

2. Absorption of various quantities of chemically bound water. 

3. Some leaching of silicic acid. 

Where the last phase is complete, the formation of allites — Le., 
either laterisation or bauxite-formation — takes place. , If this is so, 
the formation of allophane or kaolin is an intermediate or initial stage 
of laterisation. 

.To sum up, the final residues of silicate weathering may be 
divided into three types : 

I. Clay formation, resulting in a compound of varying propor- 
tions of zeolitic and kaolinitic materials, and in temperate zones 
the natural weathering product of silicates . 

* See Harrassowitz, H. : “Laterit sth.” (Fortschr. cl. Geologie u. Paleont., 
Vol. IV., p. 260). 
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2. Kaolin formation, resulting in a crystalline or earthy product 
composed of pure A1 2 0 3 . 2Si0 2 . 2H 2 0, which originates from the com- 
plete removal of the bases and of a considerable part of the 8i0 2 . 

3. Laterite formation, resulting from the almost complete removal 
of silicic acid, and apparently taking place only in tropical or sub- 
tropical climates. 


CHAPTER II 

CLIMATIC SOIL-FORMING FACTORS 

The word “ climate ” is of Greek origin referring to the angle of 
incidence of the rays of the sun, and, indeed, at any given point on 
the earth’s surface the climatic factors vary according to this angle 
of incidence and its periodical changes. Koppen* defines climate 
as the average weather conditions and their normal course at any 
given geographical point. The weather is variable, but— apart from 
certain deviations — the climate is constant. 

From the variable weather conditions and meteorological data we 
can obtain a comprehensive synopsis of all the meteorological pheno- 
mena which, may affect living or lifeless objects existing on the earth. 
This agrees with another definition, according to which climate is the 
totality of those atmospheric factors which make the various regions 
of our globe more or less suitable for supporting the life of men, 
animals and plants, and through which it exerts a very considerable 
influence on soil formation. 

The influence of climate on soil formation and on the soil itself 
is both direct and indirect. In the previous chapter we saw the 
many-sided and far-reaching effect of atmospheric factors on the 
various rocks and minerals which constitute the raw material of the 
soil. The intensity of these various atmospheric influences depends 
upon local climatic conditions. Where the climate is more humid, 
for instance, rock weathering and soil leaching are more active than 
in drier regions. Similarly, where the climate is wanner, the reactions 
are more intense, unless an increase of aridity counterbalances the 
effect of higher temperature. As we already know, fluctuations 
of temperature themselves lead to an energetic physical weathering 
of rocks. Where the atmospheric precipitation is in excess of the 
quantity absorbed by or evaporated from the earth, the water runs 
off the surface and produces all the dynamic effects of moving water 
— erosion, deposition, gullies, inundations, accumulation of mud, etc. 
And where the evaporation energy is high enough to enable even the 
water that originally percolated into the soil to rise in the capillaries 
and evaporate on the surface, soluble salts, not only from the upper 

* See Kqppen, W. : “Die Klimate der Erde ” (Berlin and Leipzig, 1923). 
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but also from the lower horizons, rise to the surface and accumulate 
there and indeed frequently effloresce. 

These examples illustrate the direct effect of climate upon soil 
formation. But a part is taken in the formation — and indeed in the 
lif e __ 0 f the soil by the biosphere also; for the whole living world 
is either directly or indirectly included among the factors of soil 
formation. This is another reason why it is so Important from the 
point of view of soil formation to know how far the climate in any 
given place influences the life of plants, micro-organisms, animals 
and human beings. From a general climatological point of view the 
climate of the oceans may be just as important as that of the continents 
inhabited by men; yet from a pedological point of view oceanic 
climates are of Interest only so far as they exercise an important 
influence upon continental climates and thus affect the development 
of soils. 

Climatology is fully described in the very extensive literature* on 
the subject, to which the reader is referred. 


1. Types of Climate ; Their Grouping and Relative Frequency. 

(1) Ocean Climate . — Cool summer, mild winter, only slight variations 
of temperature as between seasons, and day and night. The air is 
humid, the winter is rainy, and the maximum and minimum tempera- 
tures are always considerably (at times even two months) later than 
the solstices. Spring is warmer than autumn. The number of cloudy 
days is considerable; winds are strong, the air is pure and dust-free 
and contains salt. 

(2) Continental Climate . — In contrast to the previous type, here the 
extremes are better developed in respect both of seasons and of daily 
fluctuations; there are periodically thunderstorms or cloudbursts. 
The winter is damp. Winds are not so strong or are entirely unknown. 

(3) Desert Climate . — An extreme form of the continental climate 
characterised in particular by the dryness of the air and by lack of 

* Hank, J.: “ Handbuch der Klimatologie,” 3rd Ed. (Stuttgart, 1808-11); 
Koppen, W. : “ Klimakunde ’ ’ (Sammlung Goschen , Leipzig, 1906); Koppen, W. : 
“ Die Klimate der Erde ” (Berlin and Leipzig, 1923); Defaut, A., and Obst, E.: 
“ Lufthulle unci Klima ” (Eneykll. d. Erdkunde, Vienna, 1923); Martonne, E.: 
“Traits de Geographic Physique ” (Paris, 1919); Hettner, A.: “ Die Klimate 
der Erde ” (Geogr. Zeit., 1911); Penck, A.: “ Versuch einer Klimaklassi fikation 
auf physiogeographischer Grundlage ” (Sitzungsbericht d. preussischen Akad. 
Wiss. , Physiseh-math. Klasse, 1910, pp. 236-46); Knock, K.: “Die Klimafaktoren 
und ubersicht der Klimazonen der Erde” (Blanck’s Handb. d. Bodenlehre, 
Vol. II., 1929, pp. 1-53); Schubert, J. : “Das Klima der Bodenoberflaehe und 
der unteren Luftschicht in Mitteleuropa ” ( ibid pp. 54-91); Wasmund, E. 

“ Klimaschwankungen in jungerer geologiseher Zeit” (ibid., pp. 92-128); 
Schellenberg, G. : “ Die Pollenenalyse, ein Hilfsmittel zum Nachweis der 
Klima verhaltnisso der jungsten Vorzeit und des Alters der Humusablagerung ” 
(ibid., pp. 139-47). 
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clouds. Cloudbursts are rare; where they occur they may cause 
great inundations. As a consequence of the strong irradiation and 
eradiation the soil shows considerable fluctuations in temperature 
which are taken over by the surrounding atmosphere. The interchange 
with the upper strata of air causes strong currents which stir np the 
desert dust, which settles again in the evening. To similar causes 
may be attributed the various kinds of tornadoes often in evidence 
in deserts and also the warm winds (e.g., the sirocco) that pass from 
deserts to adjoining regions. 

(4) Littoral Climate. — The currents of air originating from the sea 
or the continent respectively fluctuate very rapidly, though the 
amplitude is not large. In general there is abundance of precipitation 
and clouds; only the western shores of the trade-wind regions are 
dry. In higher latitudes it is just the reverse, for the prevailing 
w r est winds make the western shores damper and warmer, the eastern 
shores being dry and cold. 

(5) Monsoon Climate. — In summer an ocean and in winter a con- 
tinental climate. The greatest heat occurs previously to the season 
of the festival monsoons. In autumn, at the end of the monsoon 
period, the temperature is not so high, though it is far more unbear- 
able owing to the air after the summer rains being close and oppressive. 

(6) Forest Climate. — The currents' of air are checked by the close 
forests, which reduce the daily extremes of temperature, though in 
the clearings those extremes may be felt. In its upper horizon the 
soil retains the moisture, which may be very considerable in the 
tropics. The effect exercised on the volume of the precipitation by 
forests is slight and uncertain; but the mists precipitate on the 
branches and twigs, increasing the humidity of the forest air and 
soil. Forest soils in general are humid. 

(7) Mountain and Alpine Climates, — The decisive influence is the 
altitude. At a height of about 3,000 metres the atmospheric 
pressure decreases to about 500 mm. (to such an extent as to make 
the conditions unsuitable for human existence). At lower altitudes 
the mountain climate is healthy and, indeed, acts as a restorative, 
owing to the intensity of eradiation, particularly on slopes feeing 
south. The refraction of heat on snow-covered mountains may be 
very considerable. In any case we must distinguish between the 
climate of slopes, valleys and plateaus. On slopes the wind is usually 
strong, while in closed valleys the air is quite still ; plateaus protected 
by high mountain walls often assume an absolutely continental charac- 
ter. Mountains in general often form barriers separating climates. 

The types of climate enumerated above may, however, vary with 
latitude and geographical position. Consequently, in order to 
characterise, and show the geographical distribution of, the climates 
ruling in different regions, we need permanent characteristics which 
on the one hand illustrate the joint effect of all the climatic 
factors, and on the other hand express also the fluctuations of single 
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factors. De Candolle introduced a classification of climatic zones 
based upon their natural vegetation,* * * § since it is on the natural vege- 
tation that climate primarily exercises a permanent influence. The 
same starting-point was adopted by Griesebach,| DrudeJ and 
Koppen ;§ but Wojekow|| and Penck^[ take the hydrological con- 
ditions as determining climate. 

The latest classifications of climates are based upon meteorological- 
statistical data (de Martonne,** * * §§ Hettner,!! KoppenJJ and others). 
The most perfect of these is K6ppen’s,§§ and we shall now consider 
the terrestrial zones to which he has given the name of “ geographical 
climatic zones ” 

Instead of the three types of astronomical zones previously dis- 
tinguished (Le., 1 tropical but 2 temperate and 2 arctic zones), Koppen 
distinguishes five types : 

Zone A . — Tropical humid zone, where there is no winter. 

Zone B . — The arid zones lying north and south of Zone A. 

Zone C . — The two adjoining warm temperate zones in which there 
is no snow cover. 

Zone D. — The boreal zone, found only in the northern hemisphere, 
which possesses decided summer and winter seasons ; this is the forest 
zone. 

Zone E . — The snow-covered zones of the arctic regions where trees 
cannot live. 


in Zone B. 


Koppen uses capital letters to designate the 
classification being necessary, he expresses the 
second letter, used with the following meanings : 

S— steppe climate 
W = desert climate 
T —tundra climate with mild summer 
F = eternal frost without a w-arm season 
s=main dry season is summer | 
w=main dry season is winter J' 
f= humid the whole year round. 


zones. A further 
subdivisions by a 


in Zone E. 


in Zones A, C and D. 


* See De Candolle, A. : “ Geographie botanique raisonee ” (Arch. Sci. 
Bibb Univ. Geneve, 1874). 

f Griesebach, A. : “ Die Vegetation, der Erde nacli ihrer klimatischen 
Anordnung ” (Leipzig, 1872). 

t Drude, Q.: “ Die Okologie der Pflanzen ” (Braunschweig, 1913). 

§ Koppen, W,: “Versuch einer Klassifikation der Klimate ” (Geogr. Zeit., 
1900, pp. 593 and 657). 

II Wojeicow, A.: “Die Klimate des Erdballes ” (Jena, 1887). 

II Penck, A.: “ Versuch einer Klimak lassifikat ion auf physiographischer 
Grundlage ” (Sitzsber. preuss. Akad. Wiss., Phys.-math. KL, 1910, p. 236). 

** See De Martonne, E.: “ Traite de Geographic ” (Paris, 1909, p. 205). 

ft See Hettner, A.: “Die Klimate der Erde ” (Geogr. Zeit., 1911). 

tt & ee Koppen, W. : “Klassifikation der Klimate nach Temperatur, Nied- 
erschlag und Jahreslauf ” (Peterm. Mitt., 1918, pp. 193 and 243). 

§§ See Koppen, W. : “ Die Klimate der Erde ” (Berlin and Leipzig, 1923, p. 98). 
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TABLE XI 


Climatic Zones and Types of Koppen 


Climatic Zones. j Types . ; Characteristics. 


Humid tropical (A) . . ^ 

Arid tropical (B) . . j 

Temperately warm (C) . . / 

Boreal, with ordinary f 
cold winter, common -j 
forest zone (D) l. 

Arctic, continuous snow j j 


1. Af 

i Tropical forests, continuously rainy 


climate. 

2. Aw 

Savannahs, alternating rainy seasons 


with dry periods. 

3. BS 

Steppes. 

4. BW 

Dry deserts. 

5. Cw 

Warm climate with dry winter. 

6. Gs 

,, „ „ ,, summer. 

7. Cf 

Moderately humid the whole year 


round. 

8. Dw 

Gold and dry winter. 

9. Df | 

Gold and humid winter. 

10. ET ; 

Tundra, with a short summer period. 

11. EF 

Eternal frost, without any warm season, 


lifeless. 


The first four types of climate ( Af — BW) figuring in Table XI. show 
four grades of aridity in the torrid zones characterised by tropical 
forests, savannahs, steppes and deserts respectively. In the warm 
temperate zone types, Gw and Gs are characterised by evergreen 
shrubs, while Cf is characterised by common forests. The latter 
are also the characteristic features of type Df ; indeed, even in Dw 
the effect of drought is not felt in winter (except in the more southerly 
regions), so that the prevalent form of vegetation here too is forest, 
the cold being not so intense or so lasting as* in Zone E. In Zone E 
we have also the tundra zone which, though treeless, has a peculiar 
vegetation of its own ; while the zone of eternal frost is entirely lacking 
in vegetation. 

Wagner has calculated* the area (in millions of sq. kilometres) 
of the eleven types of climate differentiated by Koppen. The results 
of his work are summarised in Table XII. 

" For the purpose of further differentiation Koppen has introduced 
what are known as “ Koppen’s climate formulae/’ with which, however, 
I do not propose to deal in detail. 

2. Description and Pedological Connections of the Climatic Zones. 

(a) The Tropical Rainy Climate (A)— The general characteristics 
of this climate, which covers nearly 40 per cent. (36*1 per cent.) 
of the earth’s surface, are uninterrupted, equable warmth, the average 

* See Wagner, H. : Peterm. Mittl., 1921, p. 216. 
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TABLE XII 



Land. 

Sea. 

Total . 

Percentage. 

' I. Af . . 

14*0 

103*3 

117*3 

23*0 

2. Aw . . 

15-7 

51-1 

66*8 

13*1 

3. BS . . 

21-2 

12*9 

34*1 

6*7 

4. BW . . 

17-9 

2*2 

20*1 ■ 

3*9 

5. Cw . 

11-3 

1*4 

12*7 

2*5 

0. Cs . . 

2-5 

10*7 

13*2 

2*6 

7. Cf . . 

9-3 

103*2 

112*5 

: 22*1 

* 8. Df y*. . ^ .. 

i 24-5 

5-3 

29*8 

5*8 

9. Dw 

- -7-2 ..is 

0*7 

7*9 

1*3 

10. ET . . 

10-3 

57*8 

68*1 

13*4 

11. EF . . 

15*0 

12*5 

27*5 

5*4 

Total . . 

| 148*9 

361*1 

510*0 

■ 100*0 


temperature of the coldest month being more than 18° C., and for the 
whole year from 24° to 30° C., though the annual amplitude is barely 
5° C. and indeed near the Equator even less «3° 0.)* As a consequence 
the seasons are divided according to the quantity of precipitation, not 
according to temperature. 

In this zone the most important role is played by the distribution 
of precipitation, which governs the relation between climate and 
vegetation and is the main influence affecting the formation of the 
soil. The differences in temperature which differentiate the three main 
types ( Af , Am, Aw) of this zone arise from differences in the distribution 
of the precipitation. 

Af, rainy climate of tropical primeval forest, which does not possess 
any pronounced dry season. Its vegetation consists of tall evergreen 
trees covered with all kinds of creepers. The useful plants found here 
are sago, olives, Deleb palms, raphias, ravensara, pepper, cocoa, 
peanuts, bread-fruit trees, etc. The whole year round the exterior of 
the forests never changes materially, except as the several species bud, 
blossom and bear fruit. The soil is enriched with such large quantities 
of dead vegetable matter that despite the high rate of decomposition 
and leaching the soils are all rich in humus . 

Am, the forest climate of monsoon regions, lies between Af and the 
savannah, climate. At a certain period of the year the hilly littoral 
regions are swept by monsoons which bring such enormous quantities of 
water that, even during dry periods, the soil does not dry out sufficiently 
to cause the forest vegetation to suffer. The amplitude is larger 
than in Af and may rise as high as 8° C. The annual rainfall 
varies from 1,000 to 2,500 mm., according to the length of the dry 
season. 
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Aw, the savannah climate , occurs in tropical rainy zones possessing 
a decidedly dry season, the annual rainfall being lower than in Am, 
and the temperature amplitude rising to even 12° C. The savannahs 
are open prairie lands growing grasses, bushes and single trees, such 
as the sandal tree (Santalum album), which is a typical product of 
savannahs. Primeval forests are not found here; but in the less dry 
parts deciduous trees form whole forests. Economic plants include 
coffee, sugar-cane, ginger, tropical buckwheat, bananas, sweet potatoes, 
rice and cotton. It is in this climate that we find the best developed 
laterites, the dry seasons followed by rainy periods being apparently 
necessary for their development. For if only high temperature and 
rainfall were required, we ought to find even more laterites in the Af 
climate. 

(b) Dry Warm Zone ( B ). — The torrid and humid equatorial zone is 
surrounded on the north and the south by the warm and arid zone. 
The savannah areas form a kind of bridge connecting the humid and 
the arid zones. 

In the dry warm zone the aridity may be either so intense that it 
destroys all vegetable life, or also it may permit the existence of certain 
plants ( xerophytes ) that can tolerate drought. There are dry regions 
in which there is not a single drop of rain for years in succession; but 
if the soil ultimately obtains moisture either by rainfall or by artificial 
irrigation, it immediately becomes green and capable of yielding 
luxuriant crops. The natural vegetation also changes according to 
the degree of dryness. In general, however, the most abundant are 
xerophytic plants, grasses, thorny bushes or plants covered with resin 
and often possessing fleshy leaves and other similar organs adapted 
to minimise evaporation. The other factor of importance determining 
the quality and density of the natural vegetation is the soil. We find 
in clayey soil, for instance, different plants from those found in sand 
or in the rocky debris of deserts; the thin and short-lived pastures 
of the light loess soils are different from the luxuriant grassy steppes 
of tshernosems, which again differ completely from the poor — partly 
halophytic — vegetation of saline soils. In the latter soils the vegeta- 
tion has to possess a high capacity to resist not only drought but also 
the considerable salt concentration. I cannot enter into a detailed 
description of the dry warm climate, but should mention that here, 
as on the open sea, the winds meet with little resistance. And as 
the soil heats up rapidly every day (where the temperature of the air 
exceeds 40°, it is quite common to' find a soil temperature of 60°), 
causing a rapid, horizontal exchange of air, this climate is the natural 
home of whirlwinds, air-spouts, tornadoes, etc. All this may induce 
on the one hand an increase of aridity due to an increase of the 
evaporation, and on the other hand may involve the mixing or transport 
of soil which is not covered with vegetation. The effect upon soil 
formation exercised by this climate may be threefold. Where there 
is a total lack of precipitation or only occasional rainfall (in deserts), 
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the rocks suffer only mechanical weathering, cracking to pieces, and 
being sorted and redistributed by the wind, but show no signs of 
any chemical weathering. Where there are recurrent rainy periods 
(steppes), the mechanical weathering is confined to the dry, lifeless 
period, and during the vegetation period the soil contains sufficient 
moisture to quicken chemical weathering and the decomposition of 
fresh material (at least near the surface), while the decomposition 
products, owing to the deficient character of the leaching, accumulate 
in the upper horizons. Very characteristic are the crust formations, 
consisting usually of CaC0 3 or gypsum (CaS0 4 .2H 2 0), found in the 
drier categories in the upper soil horizohs. In the dpp^ssions lying 
on thehorder-line between thqse two areas, where the surface w r aters 
meet, we usually find saline 6, emorescencesj^d * arid salin^ or alkaline 
soils, which often form round salt lakes lying at the lowest levels. 
Thus in Hungary, in the district lying between the Danube and the 
Tisza, saline efflorescences are not uncommon in the soda soils in a 
dry summer, while at the lowest points of the hollows stagnant lakes 
are often found. 

The arid zone itself is divided into the twm main climate types 
known as torrid deserts ( BW ) and steppes respectively. The degree 
of air moisture is then the basis for a further differentiation into dry 
continental and humid littoral climates. 

(c) Temperate Warm Rainy Zone (C ). — This embraces the greater 
part of the European climate. Generally speaking, it is moderately 
warm and moderately damp ; for that reason it forms the forest climate 
zone. It deviates from Zones A and B in that it possesses a decided 
winter season, the coldest month of which ranges in temperature from 
18° C. to 3° C. On the boundary line nearer the Equator snow and 
frost are of very rare occurrence; while on the boundary line on the 
polar side they occur frequently every winter, though not so con- 
stantly as in climate zones D and E . Apart from these general 
characteristics there are numerous varieties of the G type depending 
on temperature differences and the quantity and distribution of 
precipitation. 

Koppen distinguishes three main types — Cs, Cw and Cf . 

Type Cs is the sub-tropical or Mediterranean climate. It is 
characterised by a dry summer and a mild but damp winter. Here 
the vegetation has to pass through two periods of rest — a short winter 
and a longer summer period. The typical vegetation is evergreen 
bushes and trees (e.g., laurel and similar trees found on the Adriatic 
coast). 

Type Cw represents the variety of C which has a dry winter, and is 
therefore the opposite of Cs. 

Type Cf — a moderately humid climate — is the most common 
variety of type C. Here we may distinguish a sub-type Cfa , which 
is characterised by a very warm summer (the average temperature 
of its warmest month being more than 22° C.) 5 and to which Koppen 
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f gives the name “ Virginian Climate ” — though, he makes it embrace 

f in general the whole south-eastern part of the U.S.A. as far as New 

York on the north and St. Louis on the west, together with the 
t southern parts of Japan and the eastern coast of Australia between 

latitudes 25° and 34° S. 

Another sub -type in this category is type Cfb — a climate with a 
cool summer (also called “ Beech-tree Climate ”), the warmest month 
* of which never averages as much as 22° C. 

The whole Of type, together wdth all its sub-types, belongs to the 
forest zone — a fact of great importance to the student of soil science, 
since standing forests have special effects upon soil formation. The 
effect exercised upon the chemical weathering of the mineral soil by 
the temperate warm climate is Itself a very favourable one, even 
though It may not be so favourable as that exercised by the warmer 
I humid climate. The climatic factors are also favourable to the 

; formation of humus, the decomposition of which is not so rapid as 

! in humid tropical zones. In the constantly moist soil of forests 

j leaching must also be very considerable, and the mobile products 

of -weathering and decay are removed from the upper horizons 
and in part accumulate in the deeper horizons. As a result in 
particular of the considerable leaching of univalent and bivalent 
basic cations released during weathering, the upper soil horizons 
become acid. 

( d ) Boreal {Northern, Cold) Zone (D). — A general characteristic of 
this zone is that it has a very cold winter with a continuous snow 
cover and a real summer — though often restricted to a very short 
period. The main difference between this zone and Zone C is that 
the average temperature of its coldest month is never higher than 
— 3° C. It differs from the Arctic zone (E) in that the average tempera- 
ture of the warmest month is never lower than 10° C. Thus Zone D 
lies between the two isotherms — 3° C and -f 10° C. The melting of 
the snow and — in the warmer periods — abundant rainfall constantly 
supply the soil with moisture, and for that reason the natural vege- 
j tation of this zone consists of coniferous or deciduous forests. The 

summer heat ripens spring wheat in the northern, and autumn wheat 
' in the more southern regions. 

\ Here Koppen distinguishes two main types — Dw and Df. 

The former he calls “ trans-Baikal its external characteristic 
is that in it dust and clear skies are confined to the cold winter- 
time. 

Type Df differs meteorologically from Dw in that the precipita- 
tion is distributed over the whole year, there being no definite 
dry season. This is of minor importance to the vegetation, 
since the climatic difference falls chiefly in the period of hiberna- 
tion, when the sap circulation of the plants is suspended. A 
much greater difference in vegetation is caused by the circum- 
stance that as we approach the Equator the summer gets warmer 
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and longer, while as we approach the Poles it gets shorter and 
cooler. 

From the point of view of soil formation the conditions of chemical 
weathering are less favourable in Zone D than in Zone C , though 
leaching is at least as intense and, indeed, relatively more complete. 
As a consequence, in Zone D we find eluviated soils more frequently, 
the leaching also being more complete. During the winter the soil 
too rests for a while, the length of this hibernation depending upon 
the extent and time of freezing. 

(e) Arctic Zone (JS7). — This zone lies beyond the range of tall trees, 
though the 10° C. isotherm does not coincide exactly with their 
northernmost limit. The cold of winter varies in degree, but a common 
characteristic is the cold summer, which precludes every kind of 
agricultural production. Here we shall distinguish two main types 
— ET (tundra zone) and EF (zone of eternal frost.) In the former 
there are still mosses and lichens, and — particularly in summer — 
many species of animals, chiefly marine. In these regions, if not too 
densely populated, man may still be able to provide the necessaries 
of life. 

EF on the other hand, is unsuitable for the life of vegetation or 
continental animals; and the only occasions when man may venture 
to enter them are scientific expeditions, when he is adequately pro- 
vided with food. In the sea, however, fish exist since their food 
(plankton) can live under the ice. Similarly we find seafowl (gulls, 
etc.), which prey on the fish. 

Zone E climate prevails not only in the arctic regions, but also in 
high mountain regions where we find mosses and lichens beyond the 
tree limit, while on the highest peaks there is eternal snow and ice. 
In climate E the soil is always frozen, the only difference being that 
in climate ET , during the period of summer insolation, the surface 
snow and ice melt, the water remaining above the frozen lower 
horizon. Then certain mosses and lichens may grow, and indeed 
sometimes an oasis will be found to have a flowering vegeta- 
tion round it, though it does not produce seed. These soils are 
called tundras. The soils barely weather at all, and are almost 
permanently under water — or even frozen, so that reduction processes 
predominate. 

In the zone of eternal frost, EF, where the average tem- 
perature of the warmest month is always below zero, not only is 
there an end to all life, but soil formation is also permanently 
suspended, for there is neither opportunity nor possibility of the 
chemical weathering of minerals or of humus formation or even of 
leaching. 

Thus, when we consider the climatic types discussed above from 
the pedological and phonological points of view, we see that beginning 
at the Equator and starting from the weathered, fertile soils rich in 
humus of the primeval forests of the torrid zone, we pass through 
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the leached-out laterites of the savannahs to the dry steppes and then 
to the arid deserts, where in default of sufficient moisture vegetable 
life ceases and there is a suspension of soil formation. We then pass 
north and reach the steppe zone again, passing. into the sub-tropical 
(Mediterranean) type of climate (Cm), with a rich evergreen vegeta- 
tion, and where the long, warm and relatively dry summer favours 
the decomposition of organic substances and the oxidation of iron. 
Here we find typical red earths (e.g., on the shore of the Adriatic, 
in the Gulf of Quarnero). Then in the moderately damp Cf type we 
are already in the world of beech forests and brown earths (France, 
Germany, the British Isles, Denmark). The Scandinavian Peninsula, 
apart from the lofty mountains, is the home of coniferous and birch 
forests where, except in the many peat regions, the majority of the 
soils are podsols. The tundras are confined to Northern Russia 
and Northern Siberia; while Greenland is in the world of eternal 
frost and has tundras only on its fringes. 

3. Pedological Importance of Certain Important Climatic Factors. 

Some investigators have recently endeavoured to find a simple 
expression relating climate to soil types. Lang, for instance, in 1915* 
and in 1920f suggested the so-called “rain factor 55 (“ Regenfaktor ”) 
as a means of characterising climate as a soil-forming factor. This 
factor is obtained by dividing the mean annual rainfall by the 
mean annual temperature. For the effect of climate on the soil is 
determined not so much by the total rainfall as by the difference 
between the moisture precipitated and the moisture evaporated, as 
it is only this difference that remains in, and therefore acts upon, 
the soil. It is, however, extremely difficult to determine the real 
evaporation values, but since within certain limits evaporation depends 
upon the prevailing temperature, Lang proposed to express the 
measure of evaporation by the average annual temperature. The 
application of this test is extremely simple, for we already possess 
very extensive meteorological data relating to average annual rain- 
falls and temperatures. 

It is an easy matter to estimate the significance of Lang’s rain 
factor in the light of what has been already said, knowing as we do 
how difficult it is to fix the limits of climatic zones simply on the basis 
of meteorological data. For Lang saw that if — in the temperate and 
tropical climates, on the limits of the arid and humid zones — we 
determine the relation of the mean annual rainfall to the mean 
temperature by plotting rainfall figures as abscissae against temperature 

* See Lang, R. : ec Versuch einer exakten Klassifikation d. Boden in klima- 
tiseher u. geologischer Hinsicht M (Int. Mitt. f. Bodenkunde, Vol. V., 1915, 
p. 312). 

f See Lang, R. : “ Verwitterung u. Bodenbildung als Einfiihrung i, d. Boden- 
kunde 55 (Stuttgart, 1920-0, p. 188). 


44 THE PRINCIPLES OF SOIL SCIENCE 

as ordinates, we get an approximately straight line. This means 
that on the limits of the arid and humid zones the ratio of rainfall to 
temperature is about the same— viz., 40 mm. for each degree centigrade. 
For instance, where the mean annual rainfall averages about 400 mm., 
aridity commences the moment the mean annual temperature rises 
above 10° C. 

Lang then— as shown in Fig. 2 below — connected the resulting 
values with the soil types. 

The rain factor proposed by Lang has not met with the appreciation 
it deserves, though recently certain scientists have applied it with 
varying success to the characterisation of climate. 



The same fundamental ideas are behind Meyer’s “ humidity factor ” 
(the so-called N-S quotient ), which “ is obtained by dividing the mean 
annual rainfall by a coefficient expressing the mean deficit from 
saturation at the mean annual temperature.”* The mean deficit from 
saturation is calculated by multiplying the vapour tension in milli- 
metres of mercury by the relative deficit from saturation calculated 
on the basis of the local meteorological data (100 = mean relative 
moisture). The annual rainfall is divided by this figure to obtain 
Meyer’s N-S quotient. Jenny states, for instance,! that in Sheridan 
(Wyoming) the mean annual temperature is 6*17° C., corresponding to 
a vapour tension of 7*06 mm. of mercury. The relative air humidity 

* See Meyer, A.; fiber einige Zusammenhange zwischen Klima u. Roden 
hi Europa P (Chemie der Erde, 1926, p. 209). 

t Jenny, H.: “ Klima n. Klimahodentypen in Europe u. in den Vereinigten 
Staaten v. Nordamerika ” (Soil Research, Vol. I., 1929, p. 183). 
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in the same place is 67*5 per cent. — be., the yearly deficit of moisture 
is 100 - 67*5=32*5 per cent. This latter figure must be multiplied by 

. 32*5x7*06 , , ■ 

the value given above — i.e. — = 2*29 mm. is the height of 


mercury corresponding to the mean annual absolute deficit of moisture. 
This latter figure is then used to divide the mean local rainfall, which in 
Sheridan is 367 mm., so that Meyer’s N-S quotient is 367 /2*29 == 160. 

The calculation of the N-S quotient is not so simple as that of Lang’s 
rain factor, especially as we have relatively few meteorological data 
concerning the relative moisture content of the air. Jenny, however, 
found that when supplemented by the mean annual temperature 
Meyer’s N-S quotient was more useful for characterising climates 
from the point of view of soil types than Lang’s rain factor. The 
final results arrived at by Jenny will be found in Table XIII below. 


TABLE XIII 



Humidity Factor 
N-S-Q. 

Limit of the 
Annual Tem- 
perature Aver- 
ages in °G. 


Europe. 

U.S.A. 

Europe . 

U.S.A. 

Grey steppe soils 

0-100 

. 

30-110 

4-12 

7-11 

Light-brown steppe soils 

. — 

60-120 

- — 

6-11 

Chestnut -brown steppe soils .. 

140-170 

100-180 

4-12 

8-12 

Tshernosem soils 

130-250 

140-250 

4-12 

3-12 

Limit of arid climate 

about 200 

220-250 

— 

— . 

Degraded tshernosems 

250-350 

— 

— 

— " 

American prairie soils . . ... 

— . 

260-350 

— 

— 

Brown earth (Ramann) 

320-460 

■ 

4-12 

— 

Brown forest soils 

. — . 

i 280-400 

; — 

6-16 

Podsol soils 

400-1000 

! , 

i 380-750 

— 4- -}- i 
or 12 

4-10 


Even if we presume that there is a certain definite soil condition 
corresponding to every N-S quotient and degree of temperature, we 
must not forget that the character of a climate does not depend upon 
these two factors only, and that the soil itself is the product, not of the 
climate only, but of other soil-forming factors too. Jenny’s figures 
as given above cannot therefore be regarded as unconditionally valid 
and are not sufficient in themselves for the characterisation of local 
climate variations. For the characterisation of a soil it is, however, 
a great advantage to know the N-S quotient and the mean annual tem- 
perature, for they usually supply data which are more easily accessible 
and express climate in a far simpler form than Koppen’s formulae. 
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CHAPTER III 

OROGRAPHICAL (LOCAL) AND HYDROGRAPHICAL 
CONDITIONS AS SOIL-FORMING FACTORS 

Local orographieal and hydrographical conditions are often of deci- 
sive importance for the development of different types of soil. It is 
difficult to separate these two factors since they are closely interde- 
pendent, orographieal conditions being usually directly dependent 
upon hydrographical factors and conditions, and vice versa. Ry way 
of illustration it will suffice to compare a mountainous region of decided 
configuration, with its steep slopes and its perfect water drainage, with 
a flat territory which is apparently a perfectly smooth basin without 
outlet. In the former, the water that rushes down from the mountain 
peaks is continuously washing away the fresh soil cover of the slopes ; 
whereas in the latter — in undulating regions — the water leaves behind 
all coarser debris and forms definite deposits in the flat middle and lower 
reaches of the rivers, where the fall of the water has decreased. Here 
the river builds soil ; whereas in the former case it carries away w T hat the 
other natural factors have created. Wherever on hillsides some sort 
of soil profile has developed it is usually imperfect, particularly in 
places under cultivation. The slopes are still better protected against 
erosion by closed forests, for the canopy breaks the active force of the 
rain, while the humus cover absorbs the water. In plains the oro- 
graphical conditions generally result in one part being undulating and 
allowing the surplus water to flow off, while another part is level and 
has no outlet. Here the water stops, being partly absorbed in the 
soil and partly evaporating. The amount of percolation depends 
on the orographieal conditions not only of the upper soil horizon, but 
in innumerable cases of the parent rock also. That is why importance 
attaches from the hydrographical point of view as much to the quality, 
thickness and stratification of the lower layers as to the orographieal 
conditions on the surface. 

My experiments in the irrigation fields at Rekescsaba (1902-1903) 
showed that the salt content of the alkali land did not correspond so 
much with the orography of the surface as with the undulation of the 
impervious clay found in the subsoil. Fig. 3 shows the average salt 
content of the upper horizon (0-180 cm.) of the Rekescsaba alkali land. 
At each point of intersection of the broken line on the map borings 
were made to depths of 5-6 metres, the depth and mechanical composi- 
tion of each layer was determined, Fig. 4 showing the whole profile 
of the soil. Above the diagram showing the profile will be found the 
figures for the salt content of the different sections of the profile. 



Total salt content : I. 
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These figures show that the lowest points of the alkali land are not 
always the richest in salt. I found, on the contrary, that the highest 
point was the richest in salt, merely because the impervious clay layer 
there was nearest the surface — at a depth of about 180-200 cm. On 
the other hand, at points lying at about the same altitude but where the 
salt content was infinitesimal, the clay layer lay at a depth of 5-6 metres. 

The example given above suffices to show the interdependence of 
subsoil and local hydrographical conditions ; but at the same time we 


Fig. 3. 


see also that — particularly in flat districts, where orographical differ- 
ences are relatively slight — the hydrographical conditions have particu- 
larly great influence upon soil formation. 

(1) We distinguish three degrees of relief — macro-, mezzo- and micro- 
relief. Macro-relief is the division of the earth’s surface into mountains, 
valleys, lowlands and plateaus. The effect of macro-relief on soil 
formation may be direct or indirect. Mountains exercise an important 
effect upon the climate of plains, while their height greatly influences 
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on the soils. As a result of erosion the typical development of soil 
profiles is very often inhibited, and consequently we cannot always 
determine the regional development of soils so typically as in plains. 

The general orographical conditions of continents form peculiar 
climatic and soil zones. Within these zones, however, there are trifling 
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the climate of mountainous districts ; the horizontal climatic zones of 
the great plains develop vertically here— i.e., regionally — in keeping 
with the various mountainous regions. Changes of climate are followed 
by changes of vegetation, and the combined influence of both reacts 

j 1 Total salt content. 


Soda content. 
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fluctuations of relief which, while having no important effect upon 
either the vegetation or the soil, are sometimes of decisive significance 
in determining the distribution of surface water and the moisture con- 
ditions of the soil. For instance, a slight subsidence of forest land may 
cause the accumulation of considerable amounts of water, the formation 
of peaty or swampy areas, and the death of the trees. In depressions in 
steppes we find cane-brakes, and on the fringes of the depressions salty 
alkali soils. These trifling fluctuations of relief are called micro-relief. 

The mezzo-relief lies about half-way between the macro- and the 
micro-relief. It is illustrated by “downs”; here the differences of 
altitude and the angle of inclination of the slopes are not so negligible 
as in the case of micro-relief. Their effect is, however, by no means 
so important as that of high mountains. 

(2) The hydrographical conditions are closely connected with the 
orographical and climatic conditions. The only hydrographical factors 
or conditions of interest to us here are those which are somehow or 
other connected with the water regime of the soil. Water which has 
percolated into the soil usually follows the law of gravitation and strives 
to reach deeper levels until it meets with opposition — viz., until either 
water absorption or the capillarity of the soil checks its course. Apart 
from these cases, it may happen that the water which has entered the 
soil finds an impervious subsoil layer or a rock in its way. There are 
two possibilities: either the water is diverted from its course and 
continues to run down the slope of the impervious surface until it 
reaches the sea or — where the impervious surface forms a closed basin 
in which the water accumulates— it goes on accumulating until it 
overflows the edges of the basin and joins some other water system. 

Where the water rapidly drains from the soil (e.g., in the case of 
gravel or coarse sand), we have a state of affairs unfavourable both to 
the vegetation and to soil formation, since the soil moisture very soon 
disappears and the soil dries up; in a moist climate the soil is readily 
leached. Soils of this kind are particularly liable to podsolisation. 


CHAPTER IV 

NATURAL. VEGETATION AS A SOIL-FORMING FACTOR 

Natural vegetation may be either more or less homogeneous, or 
variegated. The trees which form close forests — such as larches — 
prevent the growth of other vegetation over a considerable area. The 
leaf-cover of oak forests, on the other hand, is not so close, so that the 
rays of the sun are able to penetrate the foliage, offering numerous 
types of small plants opportunity of development. The richest plant 
association is that of the steppes. 

The quality of a plant association is determined first by the climate 
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and then by the physical and chemical character of the soil. For that 
reason natural vegetation varies according to climatic zones or regions 
and according to the quality of the soil. Perhaps the most instructive 
in this respect is the natural vegetation of the great plains of European 
and Asiatic Russia, which are less subject to the influence of oro- 
graphical or other environment conditions.* 

1. Soil-Forming Effect of Parts of Living Vegetation Above and 
Below the Surface* 

Living vegetation affects the development of soil in various ways; 
it is therefore expedient to distinguish the effect of the parts above 
from that of the parts below the surface. The former act primarily 
as a cover of varying density, according to which the protection it 
affords against winds, heat and cold or drought, varies. The thicker 
the vegetative cover on the earth’s surface acting as a protection against 
the direct effect of air currents, and the more vigorous the resistance 
that cover is able to offer (as in the case of close forests) , the less intense 
will be the evaporation and the changes of temperature. To this 
circumstance is due the fact that a plant-covered soil in general loses 
less moisture than a bare soil. There can be no doubt that the relative 
humidity of the air also plays an important part owing to the shade 
provided by the vegetative cover. In a forest, particularly in a close 
forest, the air is saturated with humidity, so that even in the heat of 
summer it is cool and relatively moist, while in open fields the heat 
of the sun and the movement of the winds make the air sultry and in 
consequence the rise in the temperature of the soil and the surface 
evaporation is intense. The quality of the vegetative cover may, 
however, have a decisive influence on evaporation. 

Particularly where it forms a close cover for the soil, the living 
vegetation prevents surface evaporation, chiefly because it retards 
an increase in temperature and maintains a moist, layer of air between 
the soil and the plant cover. Its roots, on the other hand, suck water 
— in larger quantities than would be the case in bare soil — from the 
depth to which they have developed. For that reason the level at 
which the soil dries up varies according to the type of vegetation or the 
depth of the roots. For instance, trees with deep roots seem to 
desiccate the soil from below; while the grass vegetation of steppes 
roots nearer the surface. Ultimately, however, the trees of a forest 
evaporate more water than grassy meadows or barren deserts. Forests 
also generally require a more humid climate than steppes. Steppes 
with a xerophytic vegetation of scanty growth can do with even less 
humidity, because the scanty character and peculiar properties of 
the vegetation (viz., narrow leaves, hairiness, thorns, resinous excre- 
tions, etc.) reduce the evaporation. 

* See Keller, R. A.: “Russian Progress in Geobotany as based upon the 
Study of Soils ” (Leningrad, Acad, of Sciences, 5, 1927). 
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The living vegetation affects soil formation chiefly by modifying 
the moisture and heat conditions to suit its peculiar character, thereby 
practically transforming the soil climate. For the physical, chemical 
and biological phenomena occurring in the soil are affected not only by 
the external climate, but also by the climate in the soil itself where 
special conditions of humidity, air content and composition, and 
temperature prevail. 

The subterranean parts of the vegetation also influence soil aeration, 
measured by the proportion of carbon dioxide in the soil air. For 
where the air is retained in the soil, the proportion of carbon dioxide 
increases. It goes without saying that the texture of the soil is also 
of decisive importance, for in loose sand or in gravelly soils the very 
character of the soil makes the process of aeration more rapid than in 
loamy or clayey soils. According to Ram ANN,* deep-rooted forest 
trees such as beeches accelerate, while shallow-rooted forest trees such 
as spruces retard aeration. 

The increase in the carbo?i dioxide content resulting in a decrease of the 
oxygen content of the soil air on the one hand shifts the soil reaction in the 
direction of acidity , and on the other enables the reduction processes to 
assert themselves. 

Another essential effect exercised upon soil formation by the sub- 
terranean parts of the vegetation is the loosening of the soil caused 
chiefly by the fine root hairs separating the soil particles. This 
loosening effect is in evidence chiefly in that horizon in which the 
whole soil layer is interwoven with root hairs; in the case of steppe 
vegetation it is the upper horizon and in the case of forests the lower 
horizons that are loosened by the action of fine roots, 

: 2. Soil-Forming Effect of Dead Vegetation (Humus Formation). 

The dead vegetation supplies the bulk of the organic matter of the 
soil — of what is loosely called humus — or at any rate supplies the basic 
material. The smallest plant-cover — lichens and mosses — mingles its 
dead matter with the debris of rocks and supplies the first (original) 
organic matter of the rock debris washed down from high mountains. 
Grasses and tiny foliaceous plants augment the organic matter of 
mineral soils, not only by the addition of the organic matter accumu- 
lated as a cover on the surface, but also by the addition of their dead 
roots. The fallen leaves of bushes and trees form a thick cover on the 
surface of the soil which, as already stated, protects the soil against 
sudden changes of temperature and against the effect of evaporation. 
The root hairs reaching down to the deep layers also die in time, new 
ones being formed in their place, a process which in its turn constantly 
adds to the organic matter contained in the low r er horizons. In all 
soils alike the amount of the organic matter changes in two ways: 

* See Ramann, E. : “Bodenkunde ” (Berlin, 1911), p. 454. 
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it is either increased by the addition of fresh organic waste matter or 
is decreased as a consequence of constant decomposition or leaching 
out. Where the two processes are in equilibrium, there is neither 
increase nor decrease ; where the constant increase of the dead organic 
matter exceeds the decrease, we find an accumulation of organic matter ; 
and where decomposition and leaching of the organic matter exceeds 
the increase, there is a constant decrease — in extreme cases causing the 
eventual complete disappearance of organic matter (e.g. } in laterite 
soils). 

3. Effects' of Type of Plant Formation. 

The vegetation growing on the soil exerts a specific influence on 
soil formation; hence have arisen such terms as ££ beech soil,” ££ oak 
soil,” “ conifer soil,” ££ heath soil,” <£ wet meadow soil,” ££ tundra soil,” 
££ steppe soil,” ££ dry desert soil.” I shall now discuss the particular 
soil-forming effects of certain more important plant formations. 

(a) Effect of Spruce on Soil Formation. — This tree (Picea exoelsa Lk.) is 
one of those requiring the most humid climates. Its soil is always wet 
on the surface and tends to the formation of acid humus; the water 
percolating through it is also acid and causes an intensive leaching 
out of the upper horizon. In the horizon containing the feeding 
roots the soil becomes less moist (as a consequence of the absorption of 
water by the roots), the solutions become more concentrated and the 
colloidal dispersions precipitate. The latter first form a dark brown 
accumulation horizon, which as it passes downwards changes to a 
rusty brown due to coagulated ferric hydrate. The coagulated colloidal 
materials then cement the soil particles which are, however, once more 
partly separated into aggregates by penetrating root hairs, while the 
withdrawal of the water produces irregular (nuclear or polygonal) 
aggregates, which form the typical structure of the accumulation (B) 
horizon characteristic of forest soils. Below this horizon we some- 
times find what is called iron hardpan, often forming an impervious 
layer. The next layer is the parent rock (see coloured annex 
(Plate IV), profiles 1 and 2). 

I do not propose to deal in detail with the soils of the other conifers ; 
for, though they differ in respect of requirements and of root formation, 
they all form closed units and develop similar soils to those of the 
spruce. 

(k) Effect of Beech on Soil Formation. — In many respects the beech 
is the exact opposite of the spruce ; for it is deep-rooted and penetrates 
deep into the soil, while its humus cover is loose and as a rule not acid. 
Beech also prefers a moist climate ; its foliage is dense, and consequently 
the soil surface is constantly moist, not being subject to direct insolation 
except in winter and spring, when the leaves have fallen. This 
accounts for the poor quality of the undergrowth, which only appears 
in early spring. 

The moisture percolates through the interstices of the soil until it is 
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absorbed in the deeper horizons by the rich network of suckers to 
be subsequently evaporated by the foliage. The soil is therefore 
constantly washed through and leached out by water. Under favour- 
able climatic conditions the leaf-fall covering the soil decays rapidly, 
for its loose and humid character is favourable to bacteria and earth- 
worms, which together produce good mild humus. This is one of the 
ways in which brown forest soils are formed. 

On the other hand, where the climatic conditions do not favour 
a rapid decomposition of the leaf-fall, we may find in beech forests 
also an accumulation of acid humus, or even of dry peat. 

(c) Effect of Oak on Soil Formation . — The oak is also a deciduous 
tree, its roots and suckers penetrate deep and help to loosen and aerate 
the soil and subsoil. Mature oak forests are usually not closed, the 
sun shining through in places where bushes and low herbaceous plants 
and grasses thrive, eventually interweaving the upper horizon with 
roots and thus preventing the formation of raw humus.* 

(d) Effect of Heather (Calluna vulgaris) on Soil Formation . This 
plant — the “ Heide 5J of North Germany — grows on any kind, of soil, 
but is usually found on poor soils. f An abundance of moisture is 
not injurious to it. The root hairs of the plant form a very dense 
tissue leading to the formation of a dry peat similar to that found 
below the humus cover of the spruce. The soil becomes compact and 
impervious, and heather is thus very likely to induce peat formation. 

(e) Effect of Steppe Vegetation on Soil Formation. — It goes without 
saying that the soil is affected not only by the several plants but by 
the steppe plant formation as a whole. The fine rootlets of the grasses 
spread thickest in the surface horizons. As a consequence of the 
arid climate the soil dries periodically; the grass vegetation becomes 
parched, then revives and in winter hibernates. The surface horizon 
crumbles, and the dead vegetable particles rapidly decompose, the 
conditions prevailing in the -well-aerated, rich upper horizon being 
very favourable to bacterial life. The rays of the sun come into direct 
contact with the soil, particularly in dry seasons, when there is no 
vegetative cover. So long as the soil contains sufficient humidity, 
the heat accelerates decomposition; then the process ceases. I he 
degree of aridity governs the fluctuations in the luxuriance of the 
vegetation and in the quantity of humus formed. The quantity of 
humus decreases with the depth. The interstices between the decayed 
vegetable particles make the soil porous, while the lack of humidity 
prevents the formation of clay. The slight humidity and the looseness 
of the surface soil are favourable to rodents (e.g., field mice, moles, 
etc.), so that the profiles of steppe soils are often found to contain 
the holes and skeletons of these animals. A typical steppe soil profile 
of this kind is shown in the coloured annex, profile 7. 

(/) Effect of Wet Meadow Vegetation on Soil Formation.— The 

* See Eamann, E.: op. cit p. 467. 
f See Grakbner: “Heide Norcldeutschlands,” p. 143. 
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vegetation of wet meadows, though differing botanically, resembles 
steppe vegetation in its effect upon soil formation in that it also inter- 
weaves the upper horizon with its fine rootlets. The plants, however, 
require continuous abundant moisture. In soils belonging to this 
category the formation of acid humus is by no means a rarity, and even 
peat formation is not unknown. 

(g) Effect of Peat Vegetation on Soil Formation. — We cannot deal 
in detail with the various peat associations. From the point of view of 
pedology the only types of vegetation of importance in this connection 
are those of the two main categories — low-moor or fen peat (Phragmites 
and Gances) and high-moor peat or bog (various species of Sphagnum 
and cotton grass). 

Low-moor humus is rich, high-moor humus poor in bases; conse- 
quently, high-moor peats are usually very acid and deficient in plant 
nutrients, while low-moor peats are practically neutral and well supplied 
with plant nutrients. 


CHAPTER V 

ANIMALS AS SOIL-FORMING FACTORS 

The animal world is also to a certain extent directly dependent upon 
climate, though it is more closely dependent upon natural vegetation 
and soil conditions. The animal world, in its turn, exercises an 
influence upon both soil and vegetation. What we are interested in 
here is the influence exercised by animals upon the soil and soil 
formation, that exercised by them upon the vegetation interesting us 
only indirectly if it reacts upon the soil. 

The animals which play a role in soil formation may in general be 
divided into two groups — (1) those living in the soil, and (2) those 
living on the surface of the soil. 

1. The Role of Animals Living in the Soil 

The animals living in’ the soil belong to very diverse genera, but 
from a pedological point of view the zoological classification is quite 
unsuitable, Ramanx has divided the animals living in the soil into the 
following groups : 

(1) Those which live permanently in the soil, only periodically 
coming to the surface. 

(2) Those which only spend a certain phase of their lives in the soil 

(3) Those which in general live on the surface and only have their 
homes in the earth. 

We are best acquainted with the role played by earthworms in the 
formation of the soil, and may take them as typical examples. 
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All scientists agree that by their mixing and cementing into small 
a gg re g a ^ es khe earthy particles and the vegetable waste and other 
organic matter the earthworms make the structure of the soil crumbly 
and permeable to water and air, thereby exercising a very considerable 
effect upon soil reactions and biological phenomena. Darwin, Muller 
and Wollny believed that by passing these materials through their 
bodies earthworms induce further chemical reactions in respect of 
mull formation. 

Another important group of soil-forming animals includes the 
various genera and families of rodents living in soils such as the 
common mole ( Talpa europea), which is found everywhere in Central 
Europe and which has small eyes; the blind mole (Talpa caeca Sav .), 
which lives in South Russia and has no eyes; the European son- 
slik (Spermophilus citillus L.), common in the Hungarian Lowlands; 
the hamster ( Gricetus frumentarius ) ; the great mole rat (Spalax lyphlus ) ; 
the bobac marmot (Arctomys bohac ); and the several kinds of mice. 
All these animals are rodents living in the earth mostly on vegetable 
substances. 

Most of the rodents mentioned above live in steppe soils ; they burrow 
sometimes to a depth of 5 feet and contribute largely to the natural 
mixing of steppe soils. Russian students when identifying steppe 
soils always search for skeletons or burrows of rodents (“ croto vines ”). 

The natural vegetation forms a plant association characteristic of 
the soil; similarly the natural fauna of a given soil type — in particular 
the animals living in the soil — also forms an association related to the 
quality and the whole biological condition of the soil, the several members 
of the association being living factors dependent upon one another, 
upon the vegetation and micro-organisms, and upon the chemical 
and physical character of the soil. No biological characterisation of 
soils can be complete until we are fully familiar with the causal inter- 
dependence of the whole cosmos of the soil. 

2. The Role of Animals Living on the Surface. 

The soil-forming effect of the animals living on the surface is still 
less known to us than that of the animals living in the soil. This 
fact has a natural explanation. The natural animal world living on 
the surface usually changes considerably the moment human beings 
settle in the region. The difficulty which we have to face here is 
that, while out of consideration for his own vital purposes man favours 
or exterminates certain animals, introducing others in their place, 
the influence exercised by the latter is never the same as that exercised 
by animals living wild. As a consequence, on this point — even more 
than in the case of animals living in the soil — we are dependent upon 
a few outstanding observations and upon the records of experienced 
scientists. Ramann, who began his career as a student of forest 
soils, records many interesting observations of the kind proving that 
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this outside animal world is also of importance as a factor in the 
formation of soils and of the natural vegetation.* 

Ramann characterises as of great importance from the point of 
view of forestry the grubbing work of wild boars, and he suggests that 
in places where today the wild boars are becoming extinct, the raw 
humus cover of the forests should be periodically grubbed by herds 
of tame pigs. Grazing animals in general tend to increase the aera- 
tion of forest soil unless the grazing is excessive. Animals living in 
the open also leave their excrements on the soil, thereby furthering 
its metabolism. Today this refers only to a very reduced area of 
forest land — that of the primeval forests still extant. There can 
be no doubt, however, that in former days the grassy steppes and 
prairies had their own wild animals, which grazed and lived and died 
there until man came and exterminated them. 


CHAPTER VI 

MICRO-ORGANISMS AS SOIL-FORMING FACTORS 

It was the great French savant Pasteur who first pointed out that 
if there were no microbes there would be an end to all organic life, 
since the dead organic matter would not decompose into simple com- 
pounds giving rise to new plant nutrients and new organic life. It 
is in the soil that this bacterial activity is chiefly carried on, and what 
interests us primarily is the actual role played by the micro-organisms 
in the characteristic formation of soil. This role is indirect rather 
than direct, for micro-organisms co-operate in soil -formation chiefly 
by gradually decomposing the dead (vegetable or animal) organic 
matter entering the soil and by giving a special character to the 
organic matter — the so-called humus — of the soil. 

J 

1. Micro-organisms of the Soil. 

Twenty-five to thirty years ago, when speaking of soil micro- 
organisms, people still treated them as belonging to the field of soil 
bacteriology, although as far back as 1897 Wollny, in the work 
referred to already, had, when speaking of the formation of humus 
materials, spoken definitely of micro-organisms, which in his book 
are made to include moulds and yeasts. f Indeed, before Wollny, 
Pasteur had already ascertained that vineyard soils contain wine 
yeast .J 

* See Ramann, E.: op. cit, p. 494. 

f See Wollny, Ew.: “Die Zersetzung cl. org. Stoffe,” Heidelberg, 1897, 
pp. 44-99. 

t See Labobde, J.; “ Cours cTCEnologie ” Paris, 1908, pp. 88-91. 
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As science stands today, we may group the micro-organisms of the 
soil as follows : 

Plants — > Animals 

Alga© Yeasts and Moulds Actinomycetes Bacteria ,, Protozoa 

Each of these groups divides into several subgroups, with which I 
do not for the moment propose to deal. By way of information on 
this point I have given in Table XIV. the relevant Rothamsted data 
as found in Russell’s work.* 


TABLE XIV 
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This Table shows that the number of bacteria is far in excess of, 
though their weight is far less than, that of the other micro-organisms, 
which, though smaller in number, are much larger in size, though still 
less than that of the larger organisms living in the soil. On the basis of 
a rough calculation Lohnis estimates the weight of the bacteria con- 
tained in a 25 centimetres thick layer of (medium pasture) soil 1 hectare 
in area (weighing 4,000 tons) at 400 kilogrammes and that of the other 
organisms living in the soil at 600 kilogrammes, showing thereby that 
a layer of soil 25 centimetres thick has to support 1,000 kilogrammes 
of living organisms per hectare. f However, since under favourable 

* See Russell, E. J.: u The Micro -organisms of the Soil,” London, 1923. 
f See Lohnis, F. : “ Die Kleinlebewesen d. Bodens. Aeroboe, Hansen n. liomerP 
Handbuch d. Landwirtsehaft (Berlin, 1929), Vol. II., p. 42. 
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circumstances the bacteria are able daily to decompose matter repre- 
senting a quantity 100-1,000 times their weight, presuming that the 
average content of organic matter is 3 per cent., the 400 kilogrammes 
of bacteria present in 4,000 tons of soil have to deal with 120,000 
kilogrammes of organic matter — i.e., with a quantity 300 times their 
weight. This quantity could be decomposed by the bacteria in one 
to two days. The fact that this does not usually happen is due, not to 
the lack of bacteria, but to the resistance of the organic matter of the 
soil and to other circumstances. Lohnis illustrates this capacity of 
the bacteria by showing that the relative surface of the bacteria is 
very considerable, and he points out that, since the living organisms 
are in touch with the outside world only through their surfaces, their 
activity increases in proportion to the area of the surface. 

The fact that the bacteria are able to perform the lion's share of the 
work of transformation is due not only to the extensive area of their 
surface, hut also to the many-sided character of their activity. 
Bacteria usually carry out these chemical transformations by the aid 
of specific agents known as enzymes , which, as is well known, are 
organic but lifeless agents (< organic catalysers ), such as, for instance, 
the digestive secretions or the diastase of malt. 

Soil contains some micro-organisms which decompose and others 
which synthesise organic matter. Lohnis divides the micro-organisms 
occurring in the soil into three main groups: (1) Organisms which either 
decompose or synthesise carbonaceous substances; (2) organisms 
which either decompose or synthesise nitrogenous compounds ; 
(3) organisms transforming mineral compounds. These three large 
groups include all the micro-organisms to be found in soil. 

The micro-organisms living in the soil are able to bring about a full 
cycle of organic substances even in their own microcosm; for most 
of the bacteria which decompose the best-known chemical compounds 
found in the soils are accompanied by other bacteria synthesising the 
same compounds. Lohnis outlined only two cycles of the kind:* 
these cycles are showrn in Figs. 5 and 6. 

Although these cycles of carbon and nitrogen compounds are the 
most important, we could construct similar cycles for the sulphur 
and phosphorus compounds— and indeed probably for the other 
constituent elements of the soil which take an essential part in 
synthesising the bodies of the micro-organisms ( e.g K, Ga, etc.). 
However, here too — as I pointed out when dealing with the role of 
the animals living in the soil — we must not only familiarise ourselves 
with all the details of these processes, but also recognise that the 
decisive fact for the formation and character of the soil is not these 
separate processes, but the equilibrium of all the interacting micro- 
organisms y As we have seen already, certain types of soil formation 
depend upon the presence of definite vegetable and animal associations ; 
in the same way the micro-organisms of the soil as a whole impart a 
* See Lohnis, F. : op. cit. » pp. 54 and 59 f 
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Fig. 5. — Formation and Decomposition of Organic 
Carbon Compounds. 
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Fig. 6. — The Cycle of Nitrogen. 

1. Decomposition of protein. 2. Ammonification. 3. Nitrification. 
4. Nitrate reduct ion. 5. Ammonia- and amide-assimilation. 6. Nitrate - 
assimilation. 7. Denitrification. 8. Decomposition of ammonia. 9. Fixation 
of nitrogen. ( — — > Processes of not thoroughly known character.) 
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certain typical character to the soil, which is the product of the 
symbiotic and metabiotic co-operation of all the micro-organisms 
found therein. The result of this co-operation is seen in the chemical 
transformations effected by them. 

2. The Most Important Chemical Transformations Effected by 
the Micro-organisms of the Soil. 

Without entering into details we shall discuss those characteristic 
transformations in the course of which the dead organic matter 
entering the soil is decomposed and the hmnus material characteristic 
of soil comes into being. Wollny divided the decompositions of 
organic matter occurring in soils into two main groups. The first he 
called mouldering or eremacausis (in German “ Verwesung 55 ), the 
second he called putrefaction (in German <c Faulnis ,s ). These 
two main types of decomposition of the organic substances of soils 
might be called aerobic and anaerobic decomposition respectively. 
These two processes are usually found combined in soils, and it w r ould 
almost be better to say that the two processes go on simultaneously 
but not in equal measure, implying that the difference between the 
various soils consists in the different relative intensities of the two 
simultaneous complex processes. Biologically speaking, it is a whole 
complex of metabioses. 

The principal chemical transformations will now be discussed in 
detail. 

The dead vegetable and animal organic substances consist mostly 
of the following compounds : 

(1) Water soluble carbohydrates (sugar, etc.) and their water 
insoluble but easily hydrolysable products (starch, inulin, glycogen, 
etc.). 

(2) Vegetable fibre substances (cellulose, lignin, hemi-eellulose, 
pectins). 

(3) Proteins and various amides. 

(4) Glycerides (oils, fats, lipoides). 

(5) Dye substances (chlorophyll, haematin). 

(6) Ash. 

Some of these decompose rapidly and completely, others are more 
resistant, and others again are too resistant. Sugar substances are, 
for instance, relatively easily and rapidly decomposed by soil micro- 
organisms — not only into the ethyl alcohol and carbon dioxide natur- 
ally resulting from the organic fermentation, but also possibly into a 
whole ‘series of organic acids such as acetic, lactic, butyric, oxalic 
acids, etc., which are also not final products, but decompose still 
further until they too eventually produce carbon dioxide and water. 
Actually, sugar substances and starch are but rarely found in soils, 
while of the acids mentioned above only very slight traces have been 
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found. Cellulose is far more resistant. It constitutes the hulk of 
the vegetable fibre of plants and offers an effective resistance to the 
chemical agents also, i.e. weak acids and alkalies. Nevertheless, in 
soils — except peat soils — very little cellulose is found. This is due 
to the soils containing very large numbers of micro-organisms which 
decompose cellulose. Schroder computes that roughly 35 billion 
kilogrammes of cellulose are formed on the earth every year; this 
quantity would accumulate in huge masses if Nature had not provided 
for its decomposition. A study of the already extremely rich scientific 
literature relating to cellulose fermentation shows that, although the 
chief role in the decomposition of the cellulose in the soil is played by 
aerobic and anaerobic bacteria alike, there have also been found in 
the soil several kinds of cellulose-decomposing moulds (Aspergillus 
on/ see, Aspergillus Wentii, Aspergillus cellulose) and. other fungi 
(particularly the Merulius lacrimans and other Polypori ). 

Lignin , a by-product of cellulose, is still more resistant in soil, a 
fact that is particularly surprising since it is easily decomposed by 
chemical reactions in the laboratory and, moreover, probably under- 
goes various changes in living plants. By bacteriological experiments 
several scientists have shown* that when lignin and cellulose are 
subjected to the action of micro-organisms, the cellulose usually 
disappears very rapidly, whereas the lignin remains. It does, however, 
undergo certain changes — e.g., it assumes an acid character and becomes 
soluble in alkaline solutions. This is the origin of the theory that lignin 
is the real parent substance of humus materials. f It will be the business 
of future research to show whether humus is a modified form of lignin 
or whether it consists of humus compounds originating from lignin 
or of new materials formed by the interaction of carbohydrates and 
amides furthered by the activity of micro-organisms. What, we do 
know is that in nature humus is very often found in soils in typical 
forms and with characteristic peculiarities. In the next section X 
propose to deal with these natural humus types. 

3. Natural Humus Types. 

Ramann divided the natural humus types into the following four 
groups: (1) turfs; (2) mould (residue of decayed plants); (3) mull 
(excrements of animals living in the soil); (4) chemically precipitated 
humus materials. 

The term turf as used in pedology means an organic vegetable 

* See Bray, M. W., and Andrews, T. M. : Journ. Ind. Eng. Chem. , 
Vol. XVI. (1924), p. 137; W ehmer, C.: Ber. deutsch. Chem. Ges., Vol. 
XL VIII. (1915), p. 130; BrennstofEehemie, Vol. VI. (1925), p. 101 ; Fischer, F., 
and Schroder, H.: “ Entstehung u. chem. Struktur d. Kohl© ” (Essen, 1922); 
Prtngsheim, H., and Fuchs, W.: Ber. deutsch. Chem. Ges., Vol. LVI. (1923), 
p. 2095. 

t See Waksman, S. A.; Verhand. II. Komm. Intern. Bodenkundl. Gesell- 
schaft, Budapest, Vol. A (1929), p. 188. 
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formation consisting of more or less humified materials the original 
plant structure of which can be seen with the naked eye . 

The residue of decayed plants— known as mould — differs from turf 
in that the plant structure can only be seen with the help of a micro- 
scope. 

The term mull was introduced by Muller,* * * § and from the fact that 
Muller attributed the chief r61e in the formation of this material to 
the work of earthworms and animals in general, Ramann uses the 
term to denote the excrements of the animals living in the soil and 
distinguishes between <c earthworm mull ” and £< insect mull,” etc. 
We must, however, distinguish between the real 44 mull ” — the accu- 
mulation en masse of animal excrements — and, for example, the humus 
of tshernosems. The latter represent the final stage in the work of 
the micro-organisms as decomposers of organic matter. The actual 
composition of these materials has not yet been ascertained ; but their 
behaviour allows us to assume that they are acid in character and are 
probably a mixture of several compounds. Some chemists absolutely 
deny the existence of these humic acids ;f nevertheless it is indubitable 
that the absorption complex of the soil usually contains an organic 
part which, according to Oden,J Hissink§ and Kotzmann,|| possesses 
a fairly well-defined valency ; to use the term employed by Michaelis, 
this material — even though it does not represent a simple chemical 
compound or acid — is a negatively charged colloidal material with an 
ct acidoid ” character. Now, we may distinguish three kinds of 
chemically precipitated humus— acid, neutral and alkaline — according 
to the degree of saturation with metal cations and to the nature of 
the latter. Neutral humus is mainly a humus complex saturated 
with calcium ; acid humus is more or less unsaturated (i.e., it is a 
humus complex containing hydrogen ions); while alkaline humus — 
whether saturated or unsaturated — contains a larger proportion of 
sodium ions than usual. 

* See Muller, P. E. : “ Stuck en iiber die naturlichen Humusformen ” (Berlin 
1887). 

t See the papers contributed by A. Baumann and by A. Baumann and J. m 
Gleria to the Mitt. cl. bayr. Moorkulturanstalt (1909 and 1910). 

t See Od^n, S. “ Die Huminsauren.” Steinkopff, Dresden and Leipzig, 1932. 

§ See Hissink, D. J. : Verhandl. der II. Kornm. d. intern. Boderkundl. 
Ges. Groningen, 1926, Vol. A, p. 198. 

|| See Kotzmann, L.: Mez6g. Kut,, Vol. II. (1929), p. 637. 
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THE AGE OF SOILS: TIME AS A SOIL-FORMING FACTOR 

Time as a soil-forming factor appears in Docitchaiev’s original 
formula.* 44 Like all other lrnng organisms, soils,” says Doeu- 
chaiev, 44 are only comparable if of the same age — young, mature 
or aged.” And in his first soil classification, which appeared as far 
back as 1886, Docuehaiev differentiated between normal, transitional 
and abnormal. On the basis of similar considerations Sibirtzev 
divided soils into zonal (those which are well developed) and azonal 
soils (those which are not yet developed). In both cases the unde- 
veloped soils were made to include fresh alluvial soils — such as the 
alluvial soils of rivers — and the coarse and drift-sand soils, which 
categories possess a common character due to there not having been 
time or opportunity to develop typically. This is what must have 
induced Marbut and a few of his American followers to distinguish 
between 44 mature ” and 44 immature ” soils.! Shaw, indeed, has a 
special name for each of the several degrees of maturity,. | his division 
being as follows: 

1. Solum crudum (raw soil). 

2. Solum semicrudum (young soil, only slightly weathered). 

3. Solum immaturum (immature soil, only moderately weathered). 

4. Solum semimaturum (semi -mature, already considerably 

weathered). 

5. Solum maturum (mature soil, fully weathered). 

There can be no doubt that there are degrees of development of 
the various soil types. Thus, as we shall see later on, the several 
processes of soil formation — podsolisation, alkalinisation, etc. — have 
their own phases of development, and we can ascertain to which stage 
of the type development, etc., any soil belongs. The terms used above, 
however, are rather inapt, since the development of soils is never 

* Doguchaiev used the following equation to express the fact that soil is 
a function of various factors, P — / (K, O, G, V), P here representing the soil 
itself as a product equivalent to a function of K (climate), O (organisms), Gr 
(parent rock), and V (age of the soil), / showing that the P- value is a function 
of these agencies. The original paper on this subject, written by Doguchaiev 
in Russian, appeared in 1889 at St. Petersburg with the title “ On the Theory 
of Natural Zones.” Cf . Neustruev, S. S.: Russ. Ped. Investigations, Vol. III. 
(1927), pp. 4 and 30. 

f See Marbut, C. F. : Proc. and Papers of the First- International Congress 
of Soil Science, Washington, 1927, Vol. V., p. 1. 

t See Shaw, C. F.: op. tit., pp. 36 and 74. 
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suspended. We cannot speak of any maturity of soil such as that of 
animals or plants, if only because the soil does not usually include the 
factors of its development. The genus and species of a plant tell us 
what to expect when we sow a seed or other propagative organ. In 
the case of the soil this is not so, for — as we have seen — the raw rock 
itself is only one of the factors of soil formation ; it is the combined 
operation of other soil-forming factors entirely independent of that 
material that decides what kind of soil shall under given circumstances 
develop out of the raw rock material. 

The formation of the soil does not come to a standstill even if it 
is well developed: podsols, for instance, may in time change into peat 
soils or steppe soils. From alkali soil we may get either acid, degraded 
alkali or regraded alkali soil. In such cases it is quite impossible to 
ascertain which state of the soil is the end of the process of development. 
And when a soil reaches a stage of stability, it has ceased to be a soil 
and has again become a rock. 

It should be noted, further, that by ee time ” I do not mean an 
absolute period, but merely the stage of development. 


CHAPTER VIII 

MAN AS A SOIL-FORMING FACTOR 

Ramann was right when he affirmed that* man is one of the most 
effective soil-forming factors, since it is in his power to change and 
replace the natural flora and fauna of the soil. 

It is true that pedological textbooks have had little to say about 
this very important soil-forming factor — a deficiency which is pardon- 
able when we remember that man’s activities as a soil -forming factor 
embrace the whole field of agricultural production (plant-growing, 
cattle-breeding, forestry, pomology, viticulture, market gardening, 
etc.). Indeed, certain chapters of applied pedology— e.g., soil culti- 
vation, soil reclamation, etc. — deal exclusively with the effect exer- . 
cised on the soil by man. I must, however, insist upon the great 
importance of man as a soil-forming factor ; for unless we take 
that fact into consideration, many phenomena will be in apparent 
contradiction to the conclusions drawn from certain soil-forming 
conditions. 

Man’s influence on soil formation varies according to his manner 
of cultivating the soil. In this connection we may distinguish 
three degrees of cultivation — primitive, extensive and intensive 
agriculture. 

* See Ram ann, E.: ■“ Bodenkunde,” 3rd ed., J. Springer, Berlin, 1911, 
p. 495. 


MAN AS A SOIL-FORMING FACTOR 


65 


1. Effect of Primitive Agriculture. 

In primitive days the agriculturist lived by hunting, fishing and 
grazing. The first two occupations have barely any effect upon the 
soil, except that the hunters disturb the game living in forests and 
prepare clearings and shelters. For grazing we need pasture-lands, 
and have to destroy forests and noxious animals. 



2. Effect of Extensive Agriculture. 

Ever since men have been familiar with the advantages of arable 
cultivation, one of the chief reasons for the destruction of forests has 
been the desire to put forest land under the plough. Ploughing not 
only loosens the upper horizons, but also turns them over and mixes 
them. The first changes observable from a pedologieal point of view 
are the mixing of the upper horizons and the disappearance of the 
original soil structure. But the plough not only breaks and turns 
over the ploughed layer, it also compacts the lower horizon over 
whose surface it passes — in other words, below the loosened soil there 
is formed a more compact subsoil. The effect is enhanced by the 
illuviation of the rainfall, which washes down into lower horizons the 
finely dispersed substances which accumulate on and clog the upper 
layer of the subsoil. 

We must not, however, assume that ploughed soil is looser in 
structure than the original forest soil was. Experience proves just 
the opposite. For, whereas in forests the soil is more or less protected 
against the silting effect of rain, on ploughed land every heavy rainfall 
is followed by silt infiltration and condensation of the soil. In the 
case of plants requiring to be hoed we may afford a temporary relief, 
but we cannot offer the protection given by the foliage or undergrowth 
of a forest. 

The researches made by Tiulin* have provided figures proving that 
cultivation destroys the originally loose structure of the soil. 

The movement of water in ploughed land is not the same as it is 
in forest land; for, while in the latter the water continuously runs 
downwards and the soil dries up from below, in the former the move- 
ment of the water is reversed during all dry periods and the water 
migrates to the surface and evaporates either on the surface or through 
the crop. The water, indeed, moves in the same manner as in steppe 
soils, this being the reason why ploughed forest soils sometimes change 
into steppe soils. This is naturally only possible in places where the 
soil has not — as a result of the effect of forest vegetation — been leached 
out to an extent preventing regradation. 

It must not, however, be assumed that by changing the direction 

* See Tiulin, A. Th.: Proceedings of the Intern. Soc. of Soil Science, 
Vol. IV. (1929), p. 51. 
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of water movement we save the plant nutrients of the soil. For those 
nutrients, though not leached out through the lower horizons, are taken 
out of the soil in the crops. 

■ 3. Effect of Intensive Agriculture. 

The object of intensive agricultural production is to take out of 
the soil the maximum possible under given conditions. Where our 
sole object is to get the largest possible yields, we must endeavour to 
create the best possible conditions suitable to the development of the 
plants usually grown. That undoubtedly means putting the soil 
into the best possible condition physically, chemically and biologic- 
ally; but equally it makes the greatest possible demand upon 
aU the productive factors of the soil and requires the maximum of 
nutrient replacement and soil cultivation. Where intensive pro- 
duction is taken to mean an endeavour to reach a maximum earning 
capacity (that being in fact the object of true rational production), 
we shall find that that endeavour very often leads to an extremely 
one-sided and to a certain extent extensive system of agriculture. 
Exclusive wheat-growing, for instance, in a relatively short time 
causes exhaustion of the soil. 

The system of crop rotation certainly does not exhaust the soil so 
rapidly, but in this case too, if the only objective is to enhance the 
immediate net revenue, the soil is bound to become exhausted unless 
it is treated not merely as a dead instrument, but as a living body 
which has to be tended, fed and developed, if we wish to preserve 
it for future cropping. It must not be forgotten that men — like 
unreasoning animals or natural vegetation — endeavour to exploit the 
natural properties of the soil to their best advantage. From this 
point of view, therefore, the effect of man upon the formation of the 
soil may be regarded as just as natural as that of the mole or of earth- 
worms, which live their whole lives in the soil and cannot thrive 
except where the soil conditions are suitable. Man goes one step 
farther, for his intelligence enables him to subject to his will even 
those soils which in their original state do not satisfy his wants, thereby 
transforming their character and setting on them what we may call 
the seal of human intervention. This seal naturally varies according 
to the cultural, social and economic conditions in force. 

To give instances: regions naturally dry are reclaimed by irrigation, 
while regions that are water-logged or peaty are reclaimed by drainage. 
The Dutch have driven the sea out of large areas, converting them 
into arable land by dyking. We Hungarians reclaim alkali soils by 
transforming them into calcium soils. 

However, since the effect of man upon soils is a subject for soil tech- 
nology, we shall here merely emphasise the necessity of remembering, when 
dealing with the soil-forming factors , that man is at times one of the most 
ejf ective — though he may also be one of the most capricious — of these factors . 
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CHAPTER IX 

THE PRINCIPAL SOIL FORMING REACTIONS 

So far I have discussed the effects that may be exercised upon the 
development of soils by each of several soil-forming factors. However, 
as Liebig showed that plants are not fed by one material only, but by 
all those necessary for their nutrition, in the same way we may say 
that soil develops not as the result of the influence of any single soil- 
forming factor, but as the consequence of the interaction of all the 
active soil-forming factors. In most cases we find a co-operation of 
all the eight factors dealt with above, the factors, however, varying 
both in the intensity of their effect and also qualitatively. Now, 
since eight different factors (even if at all times qualitatively and 
quantitatively the same) may produce a very large number of com- 
binations, while their qualitative and quantitative variations may 
give rise to an endless series of degrees of action, it is obvious that 
to some extent every individual soil is different from every other one. 

1. General Phenomena and Reactions. 

The main reactions taking place in the soil may be grouped under 
the following heads : 

(a) Dissolution and precipitation. 

(b) Leaching and accumulation. 

(c) Oxidation and reduction. 

(d) Humus formation and decomposition. 

(e) Formation and behaviour of the absorption complex. 

I have grouped these general reactions in pairs; for the several 
pairs are interdependent, though being phenomena of opposing 
character. Dissolution must always precede precipitation. It is 
dissolution that brings into being what is called the leaching process — • 
the migration of matter in soil formation — while accumulation is the 
result of precipitation. There is no accumulation without leaching, 
the only exception being the accumulation of organic matter in the 
upper soil horizon. Oxidation and reduction are very frequent and 
sometimes characteristic soil reactions. 

Among the most important and most characteristic processes of 
soil formation are humus formation and decomposition . In the fore- 
going pages I have already spoken repeatedly of these processes ; 
indeed, in dealing with the micro-organisms taking part in soil forma- 
tion we familiarised ourselves with the principal kinds of natural 
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humus formation. Wliat we have to do now is to gather together 
into an organic whole the material scattered about in the several 
chapters dealing with the different factors. For despite the fact that 
the process is contributed to by the higher plants and animals, by 
micro-organisms, and to some extent indeed also by man — these being 
all factors differing in themselves and more or less independent of one 
another — humus formation is nevertheless to be described as the 
result of a harmoniously coherent co-operation ( hioccenosis ). 

There are two conceptions of humus substances. One school* 
maintains that there are definite and specific humus substances, 
describes how they are separated from the soil, their physical and 
chemical characteristics and methods of determination; the other 
sehoolf denies that humus substances are specific chemical com- 
pounds peculiar to soil formation, arguing that they are products of 
the alkaline extraction of the soil and regarding the organic matter 
found in the soil simply as the residues of the more resistant con- 
stituents of dead organic substances. Probably the truth lies some- 
where half-way. The results of microbiological activities entitle us 
to presume that the lignin constituting the bulk of the organic matter 
of the soil owes its preponderant accumulation to the fact that it is 
the most resistant substance, that the substances soluble in water 
are soon leached or exhausted, and that the proteins, celluloses and 
hemi-celluloses are decomposed and serve as food and sources of 
energy for the soil bacteria. Thus the decomposed organic com- 
pounds once more produce a complex living organic substance, while 
the bodies of the bacteria, which absorb practically all the nitrogen 
in the soil and also a part of the phosphoric acid, once more begin to 
decompose after the death of the bacteria. Quite recently Waksman 
devised a methodf for the determination of the ligno -protein complex 
in soils, which he calls the ■“ humus-nucleus'' assuming it to con- 
stitute the bulk of soil humus.§ It seems also that the behaviour 
of artificial ligno-protein is similar to that of soil humus. It would, 
however, be premature to make any critical remarks until this method 
and these hypotheses have been better tested and until we have had 
time to form a considered judgment. 

It is, however, indubitable that during the process of humification 
in soils some kind of brownish-black substance is formed which may 
be extracted not only by an alkaline solution but also by certain 
neutral solvents, and which functions as a weak organic acid. A 
detailed differentiation of humus substances (as elaborated by S. 
Obex) will be found in the following table: 

* See Oden, S.: “Die Huminsauren,” 2nd. Eel. (1922). 

t See Waksman, S. A. : Verhandlungen d. II. Komm. Int. Bodk. Ges., 
Budapest, 1928, Vol. A, p. 195. 

t See Waksman, S. A., and Stevens, K. R. : Soil Science, Vol. XXX. 
(1930), p. 97. 

§ See Waksman, S. A., and Iyer, K. R. N.: “Soil Science,” Vol. XXXII. 
(1922), p. 43. 
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The humus complex behaves in the manner of a weak, insoluble 
organic acid able to absorb various cations; but, should the complex 
not find in the soil sufficient bases to permit the saturation of its free 
valencies by metal cations, the free valencies are occupied by hydrogen, 
forming a weak acid which imparts acidity to the soil too. The greater 
the amount of hydrogen absorbed in this manner, the greater the degree 
of unsaturation of the humus and of the acidity of the soil . This acidity 
is, however, only partly active, the extent of its activity being measur- 
able by the hydrogen-ion concentration dissociated in the soil solution 
— i.e., by the so-called pH value. The greater part of the absorbed 
hydrogen is not active — as in all other slightly soluble acids. This 
part constitutes the so-called latent acidity of the soil, which asserts 
itself either wholly or in part when the soil is brought into contact 
with neutral or alkaline salts or with oxides. 

However, in the case of humus importance attaches not only to the 
degree of saturation or unsaturation , but also to the question which metal 
cations are contained in the saturated part. The condition most favour- 
able to the quality of the soil is when the predominant cation absorbed 
in the humus is calcium; potassium may be useful as an easily avail- 
able plant nutrient, but sodium is decidedly noxious. So far no 
definite opinion has been formed respecting the role of mag- 
nesium. 

Stebutt assumes that acid humus is an oxidation product of mild 
humus, an assumption supported to some extent by analytical research. 
According to data collected by Oden the humic acid present in 
mild humus contains 58 per cent, and the hymatomelanic acid 62 per 
cent, of carbon, while the fulvic acid present in acid humus contains 
only 55 per cent. A certain interest attaches also to the practical 
observation that mild humus under certain conditions may change 
into acid humus, whereas on the other hand soil containing acid 
humus— even if neutralised with lime — never becomes quite the same 
as an originally mild humiferous soil, genuine soil of that type being 
obtainable only by the formation of a new mild humus. It is com- 
monly found that when acid peat soil, for instance, is neutralised by 
liming, the resulting soil, though if may be fertile, shows a rapid 
decomposition of the neutralised humus and deteriorates. This does 
not happen when we provide simultaneously for the formation of 
mild humus — e.g., by the cultivation of leguminous and grassy plants 
or by the employment of a large quantity of farmyard manure — this 
being a method of enriching fen soil with matter containing mild 
humus. There are many who regard this as merely soil inoculation. 
There is something to be said for this view r ; for acid peat soils are 
usually poor in bacteria, whereas farmyard manure introduces a large 
number of useful bacteria into the soil. But farmyard manure also 
introduces into the soil valuable mild humus, which is at least as 
effective in improving acid fen soils as are useful bacteria. These 
practical observations also support the hypothesis that, even though 
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we are not yet sufficiently familiar with the chemical differences 
between acid and mild humus respectively, we must regard acid 
humus as a product of a further decomposition of neutral humus from 
which the original higher type of humus cannot be reconstructed — 
at least not with the scientific means at present available. 

The most essential difference is in the circumstances of formation 
of the two types of humus. Mild humus is the characteristic product 
of grass steppes, acid humus of acid forest soils or peats. The vegeta- 
tion of steppes is essentially xerophy tic— i.e. , it consists of plants 
which prefer an arid climate (e.g., Stipa penata, 8 . capillata , S. 
Lcesingiana , Fesfuca sulcata , F. ovina , Koeleria gracilis , K . cristata , 
Brow, us inermis , Poa bulbosa ), which live only in neutral or slightly 
alkaline soils and make excessive demands on the plant nutrients in 
the soil. Hence, where the steppe vegetation is rich, the soil is by 
nature rich, while this richness is not only protected but also augmented 
by the steppe vegetation by the formation of mild humus. Con- 
sequently, the vegetation itself abounds in bases; and when it decays 
there are sufficient bases present immediately to saturate the so-called 
6i mild ” humus which, is formed and which, on account of its base 
saturation, Stebutt* refers to as “ basic ” humus. We may, indeed, 
say that this humus was already saturated in the early stage of its 
formation. All that the soluble bases in the soil were able to do 
was to equalise the actual conditions of equilibrium or to induce later 
changes by base exchange. 

Conditions are different in the formation of the acid humus of forest 
or peat soils. In the first place the trees themselves are poor in bases. 
This is particularly true of conifers. Stebutt has shown that trees 
in general require 2-4 times less mineral matter than grasses or cereals. f 
The table below offers a few characteristic data illustrating this point : 



Total Ash Content of the 


Annual Increment 


{per Ha.). 

Firs (Abies pectinata ) 

. . , . 65 kilogrammes 

Beeches . . 

190 

Hay . . . . 

320 

Wheat 

... . . 240 


Now, since forest trees require a more humid climate than do steppes, 
the soil is more easily leached — as indicated in a previous section. 
So when it enters the soil the organic matter of trees is already 
poor in bases, and the soil is generally also poor. Consequently, 
when the organic matter decays, the bases present are usually 
insufficient for saturation. Moreover, as a result of the processes of 
decay, several intermediate oxidation products are formed which 
increase the quantity of humic acids. We can understand, therefore, 

* Bee Stebutt, A.: “ Lehrbuch der ailg. Bodenkunde,” p. 195. 

f See Stebutt: op. cit., p. 323. 
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that the humus formed under such conditions cannot be saturated and 
is exposed to further decomposition (e.g., oxidation) that still further 
encourages the formation of humic acids. We know by experience 
also that acid humus contains colourless acid compounds (formerly 
called “ creme acid ” and “ apocrenic acid ”) the alkali and calcium 
salts of which dissolve in water and migrate in the soil, whereas mild 
humus combined with calcium does not form compounds soluble in 
water. 

To sum up, mild humus differs from acid humus not only in degree 
of saturation, but also as regards the circumstances of formation and in 
the chemical and physical behaviour of the respective organic com- 
pounds, which must be of entirely different structure; in other words, 
mild humus is a higher organic complex out of which acid humus may 
certainly be formed, while the reverse process is not possible. In 
this field there is still much to be done by research, and what 
we have stated above is all that experience at present enables us 
to affirm. 

Alkali soils also contain saturated humus, but owing to the lack of 
experimental data we cannot decide whether the only difference 
between' the saturated humus of these soils and that of steppe soils 
lies in their being saturated with alkali cations instead of with 
calcium. 

And now we come to the most characteristic and most interesting 
constituent of soils — the so-called absorbing {or ‘‘ humus-zeolite ”) complex . 
We refer to this constituent as a complex because we are not acquainted 
with its exact chemical composition, but we do know that usually it 
contains a mineral and an organic part. In the mineral part the 
principal role is played by A1 2 0 3 and Si0 2 . These zeolitic soil constitu- 
ents are formed during the weathering of the silicates of the mother 
rocks. We are not yet in a position to ascertain whether the substances 
of crystalline character recently found in colloidal fractions are identical 
with , or only supplementary ingredients of, the absorbing silicates. The 
organic part of the humus-zeolite complex and the circumstances of 
its formation have already been discussed. 

From what has been said it may be seen that the chemical composition 
of the absorbing complex itself enables us to distinguish three principal 
soil groups— vm., acid, neutral and alkaline soils — a differentiation 
which is a material one, particularly as it is based upon the causes of 
the reaction phenomena and not upon accidental manifestations of reaction 
(such as pH value , titration acidity , etc.). As we shall see later on, 
this soil complex plays an important part in the formation of the 
various soil types. Its most valuable characteristic from this point of 
view is that it contains a lasting record of practically all characteristic 
soil reactions. For the fragments of raw rock that remain tell us only 
about the original state and show us only what has disap peared. A 
water extract of a soil contains the most mobile soil constituents, but 
most of these are leached during soil formation and are therefore not 
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easy to ascertain. The absorbing complex is not so mobile, and for 
that very reason remains in the soil; and its composition bears lasting 
impress of the leaching, accumulation and other soil reactions dealt 
with above which occur during soil formation. Thus, for instance, 
when the complex contains much absorbed sodium, we may be sure 
that at some time during its development the soil was infiltrated with 
sodium salts which later on were washed out, the sodium still remaining 
in the absorbing complex. 



2. Typical Soil-Formation Phenomena. 

The most familiar typical soil-formation phenomenon is the so-called 
podsolisation. The name is of Russian origin, but today it is used all 
over the world by soil scientists. It is usually in evidence in forest, 
wet meadow, and heath soils. A characteristic of podsolisation is 
that under the moist humus cover there develops a grey leached horizon 
(a so-called Si podsol ”), below which we find one or more accmmdation 
horizons of a special polygonal structure, dark brown or ferruginous in 
colour. Below that is the original parent material, the upper horizon 
of which is often enriched with CaCO ;5 washed out from the higher 
layers. At present we denote these three characteristic horizons by 
the use of capital letters, as follows: 

(A) The podsolie or eluviated horizon. 

(B) The accumulation or illuviated horizon. 

(C) The parent material. 

In many cases each of these horizons — and in particular the B 
horizon — divides into several sub-horizons according to the order of 
sequence in which, in their downward progress, the leached constituents 
precipitate. 

Podsolisation is in reality the result of. soil-leaching in an acid medium . 
Under the moist humus cover the upper horizon is percolated by a 
water solution enriched with C0 2 and humic acids, and therefore acid 
in character. This solution first washes out and carries down the readily 
soluble alkali salts and then the alkaline earth carbonates (0aCO 3 and 
MgC0 3 ) soluble in water containing carbon dioxide. The moisture 
acting repeatedly from above attacks the silicates, which undergo 
first hydrolysis and then further decomposition. The hydrolysis 
itself may be either total or partial. 

The essential features of this process are shown most clearly by a 
hydrochloric acid extract of the soil and by the saturation conditions 
of the absorbing complex. Table XVI. shows the HOI extract of the 
soil profile of the Hiivosvdlgy deciduous forest, while Table XVII. 
shows the T complex of the same profile. 

From the hydrochloric extract we see that the Ca0O 3 and the MgC0 3 
contained in the parent rock lias been entirely washed out of horizons 
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TABLE XVI 

Chemical Composition op the Hydrochloric Acid Extract op 
Huvosvolgy Soil as Percentage op Dry Soil 


Horizon. 



A. 

B r 

b 2 . 

C. 

Na.,0 . . . . . . . . . 1 

0*39 

0*41 

0-44 

0*35 

k 2 o 

0*57 

0*59 

0*51 

0*61 

CaO 

0*60 

1*91 

1*67 

8*95 

MgO 

0*80 

0*81 

1*24 

3*60 

MnO 

0*28 

0-55 

0*07 

0*94 

Fe 2 0 3 .... . . . . . . 

1*59 

2*59 

2*97 

3*41 

A1A 

3*75 

4*69 

7*50 

3*03 

so 3 

0*39 

0*29 

0*47 

0*35 

PA 

0*06 

0*08 

0*13 

0*12 

C0 2 

Si0 2 soluble in cone. HC1 and 5 per 

— 

! ■ — . 

— ' 

7*94 

cent. KOH 

8*94 

9*43 

10*68 

6*09 

Loss on ignition 

4*51 

3*87 

| 4*52 

! 3*76 

Insoluble 

77*21 

74*41 

| 70*26 

; 61*11 

Total 

99*99 j 

99*63 

100*46 

100*27 

I ■ _ 


TABLE XVII 

Relation op Exchangeable Cations to Total Absorption Capacity 


Horizon . 

| T. 

Mg. Equivalents of Exchangeable 
Cations as Percentage of Total 
Absorption Capacity (T). 

s. 

V. 

Mg. 

Equivalent. 

Al. 

Ca. Mg. 

Na. 

K. 

H. 

Mg. 

Equivalent. 

A 

! 34*62 

2*60 

13*30 1 18*10 

1*85 

6*35 

57*80 

14*62 

4*22 

.. 

| 34*23 

2*03 

20*30 15*23 

3*62 

6*20 

52*60 

16*23 

47*40 

B a .. 

36*16 

1*43 

29-50 9-68 

3*79 

7*00 

48*60 

18*56 

51*40 

C 

! 32*90 

0*00 

49-60 | 9-74 

\ 

5*10 

6*36 

29*20 

23*30 

70*80 


A, B 1? and B a . The Fe 3 0 3 , A1 2 0 3 and MnO have been leached out 
of horizon A into horizons B x and B 2J where they have partially 
accumulated. 

From the change in the absorbing complex we can see that the 
quantity of H equivalents is greatest (57-80 per cent.) in horizon A 
and smallest (29*20 per cent.) in horizon C, On the other hand, the 
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quantity of Ca cations is smallest (10*30 per cent.) in the A and greatest 
(49*60 per cent.) in the C horizon. In this case, in the acid medium 
the H ions first displaced the calcium from the absorbing complex. 
The magnesium, on the other hand, accumulated in horizon A, while 
the quantity of the alkali cations is insignificant— -so insignificant indeed, 
that we cannot help concluding that either they were never absorbed 
at all, or as a result of their mobility were more completely leached 
than the Ga cations. The size of the T complex is shown by the 
total of the mg. equivalents in the first column. We see that this 
complex increased during soil formation in the parent material (C), 
though its maximum is that contained in horizon E 2 . The S-value 
expresses the total equivalents of exchangeable cations, Y expressing 
the degree of saturation : 

Sx 100 

V == ~" T" ” 

The values of both S and V increase with the depth. The increase of 
S-value is the result of the acid leaching from above, for which reason 
the concentration of free H ions is greater in the upper horizon than 
lower down; this being due, in its turn, to acid moisture percolating 
continuously down from the humus cover and taking up cations on 
its way, thereby becoming more and more neutral. This moisture be- 
comes less and less acid, and its effect upon the cations of the absorbing 
complex consequently weakens as it migrates downwards. That this 
is not a mere supposition is proved by the results of acidity investiga- 
tions summarised in Table NVIII. 

TABLE XVIII 

Acidity op the Huvosvolgy Soil, by Different Methods 


Horizon. 

pH { Qumhydrone 

Elect rode). 

Titration Acidity. 

In Water , 

In Normal 
KCI. 

According to 

Da ikuhara - Kappe n 
with. Normal KOI. 

With Normal 
Sodium A cetate . 

A .. 

5*9 

4*3 

10*50 

20*9 

B, . . 

5-8 

4*7 

1*50 

8*3 

B s .. 

! 6*7 

i 4*4 

0*80 | 

5*3 

C 

8*1 

7*5 

0*15 | 

■| 

0*6 


From the above data it may be seen that in the processes of podsol- 
isation we find dissolution, precipitation and all the other elementary 
reactions referred to above, manifesting themselves quite clearly. 
The essential characteristic of podsolisation is leaching in an acid medium. 
But the process of leaching in an acid medium is not confined to 


76 


THE PRINCIPLES OF SOIL SCIENCE 

podsolisation ; peat soils, for instance, are also formed in an acid 
medium, but here the leaching process is usually accompanied by 
another — viz., reduction , which is the chief characteristic of peal forma- 
tion. The phenomena to which the formation, migration and reoxida- 
tion of ferrous compounds in peat soils give rise are described by Russian 
scientists as u gley ” formation. 

Some scientists (e.g., Gedroiz) regard laterite formation as a kind 
of acid leaching. Others again consider it to be the result of alkaline 
leaching — a theory which certainly seems supported by the quantity 
of Si0 2 leached. I shall deal more exhaustively with laterite formation 
when speaking of allites. 

The second large group of soil-forming processes are those forming 
steppe soils — from the black earths (tschernosems) to brown, light 
brown and grey steppe soils. A common characteristic of these soils 
is that the leaching medium is neutral or only slightly alkaline , for 
soils containing calcium carbonate possess in themselves a reaction 
of pH 8. The principal feature of the processes of steppe soil forma- 
tion is that there the humus and trivalent metal cations do not move 
downwards , as in podsolisation, and that the soluble silicic acid does 
not migrate. The bivalent cations (Mg and Ca) may move downwards 
or upwards in the form of carbonates or sulphates, and the univalent 
cations — in particular sodium-— quite frequently accumulate in the 
lower horizons. The absorbing complex itself contains hardly any 
hydrogen; while most (not infrequently 85-90 per cent.) of the absorbed 
cations consist of calcium. 

Finally, the common feature of the third large group of soil-forming . 
processes is that soil formation and leaching go on in the presence of 
abundant alkali salts . 

In all the soil-forming processes so far discussed we have seen that 
the alkali cations are leached out of practically the whole soil profile 
so thoroughly that they are not found in any quantity, either in a 
water-soluble or in an absorbed state. The common characteristic of 
alkali and saline soils , however, is that in them the alkali cations — in 
particular sodium — have accumulated either in the form of water-soluble 
salts or in the absorbing complex — i.e., in an exchangeable state. In the 
formation of saline soils we may distinguish four stages of development : 

(1) Accumulation of alkali salts. 

(2) Progressive penetration of absorbing complex by alkali cations. 

(3) Leaching of alkali salts. 

(4) Partial replacement of sodium cations of absorbing complex by 
hydrogen (hydrolysis). 

The first stage of development consists simply in the accumulation 
in the soil for some reason or other of alkali salts, though without any 
important change resulting in the absorbing complex of the soil. 
These are common saline soils such as are found in all parts of the world 
in which the conditions are favourable to an accumulation of salts. 
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But where the salt concentration assumes proportions enabling the 
alkali cations to affect the absorbing complex of the soil in a manner 
leading, for example, to a partial replacement of the calcium by sodium 
cations, we find the beginning of alkalisation — i.e., the transformation 
of the soil into a genuine alkali soil. We express the extent of this 
process {degree of alkalisation) by calculating the equivalents of the 
sodium ions in percentage of the sum (S) of the equivalents of the 
exchangeable bases. Soils in this stage of development are called 
saline-alkali soils. 

The third stage consists in an almost complete leaching (up to 
99*8 per cent.) of the water-soluble salts due to some natural or 
artificial circumstance. In such cases the soil continues to be alkali, 
only its salt content decreases to an extent not prejudicing its fertility. 
These soils might be called washed-out or leached ( sc a-saline ”) alkali 
soils . 

Finally, in the fourth stage the leaching of the alkali salts goes so 
far that their protective effect on the alkali cations contained in the 
absorbing complex ceases, while as a consequence of the further 
leaching the alkali ions of the absorbing complex are , by hydrolysis , 
replaced by hydrogen. Soils of this kind usually possess a slightly 
acid reaction and behave like soils formed under acid conditions; they 
were originally alkali soils and have retained their disadvantageous 
physical properties. They may thus be termed degraded alkali soils. 

The principal soil-forming processes described above are to be found 
in nature in many forms and stages and are composed of different 
combinations of the simple soil reactions which have been discussed. 




PART II 

AGRONOMY 

In the foregoing chapters we have dealt with the origin of soil, with 
soil-forming factors, and with types of formation. For a complete 
knowledge of the soil this is, however, not enough; indeed, the recon- 
struction of the past of the soil is in most cases uncertain and open to 
dispute. 

Hence we must endeavour to ascertain soil-type characteristics by 
objective — i.e., scientific — criteria, and we shall then be able to charac- 
terise the present condition of the soil and thereby discover its past 
and draw conclusions about its probable future. 

The determination of types comes within the scope of agronomy, 
the branch of soil science which deals with the characterisation of 
soils. The characteristics of soils may be divided into four groups — 
those revealed by field studies, and physical, chemical and biological 
characteristics. Agronomy describes and systematises the nature and 
pedological importance of these characteristics, and thus leads up to 
soil classification — or rather to soil systematic^. In the latter the 
genetic basis is insufficient, indeed it is very often quite uncertain, 
particularly when dealing with soil horizons of non -typical formation. 

Agronomy is the oldest and most developed branch of soil science. 
Recent British pedological literature is particularly rich in works 
dealing with soil physics and soil microbiology. I have therefore 
thought it expedient to deviate from the procedure followed in my 
original work and to deal exclusively with soil surveying and the 
chemical characteristics of soils as being the main elements of my 
general soil system. 
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the principles of soil science 


CHAPTER X 

LOCAL SOIL SURVEYS 

A pedologist — whether chemist, physicist or biologist — should never 
confine his investigations to the laboratory. Soils must be examined in 
detail in their natural environment , otherwise there is every likelihood 
of drawing false conclusions. It often happens that a soil in its original 
state differs entirely in colour from the same soil when it reaches the 
laboratory. It is easy to understand, for instance, why a soil con- 
taining iron in the form of ferrous salts should change its colour by 
contact with the air. The change ensuing under such circumstances 
may be so complete as to prevent our detecting the original colour. 
Another peculiarly local characteristic is the natural structure of a 
soil, which cannot be ascertained except by examination in situ ; for 
the moment we lift the soil out of its original position, the structure 
becomes more or less disturbed, often beyond recognition. 

Owing to these and other similar circumstances local soil surveys 
are very valuable, and in many cases are indeed indispensable, par- 
ticularly when it is a question of determining and mapping soil types. 
These soil surveys often include subsidiary studies of, e.g ., geological 
formation, meteorological phenomena, hydrographical and oro- 
graphical conditions, etc., and various experiments carried out in the 
field. In the present chaptef I must therefore deal with all these points, 
although the subject itself embraces very different branches of science. 

1. Geological Origin of Soil — The first thing to be done is to 
ascertain beyond a doubt whether the underlying rock is really the 
parent rock of the present soil. 

2. Local Orographical Conditions (Plain, Hillside , Depression , etc.).— 
As we have already seen, in many cases the orographical conditions 
play a decisive role in the formation of soils, and unless we are familiar 
with these conditions we are likely to be led astray. 

3. Characteristic Vegetation and its Condition. — The natural flora 
is particularly important; and even where it is lacking, or -where 
it has been modified by human intervention, the wild vegetation — the 
weeds — in many cases is more characteristic for the soil than the 
cultivated plants. This does not mean, however, that cultivated 
plants are of no importance from the agronomical point of view. 
Indeed, the very oldest soil classifications will be found to include soil 
types denoted by the names of cultivated plants, 

4. Local Climatic and Meteorological Conditions .■ — We should never 
rely exclusively on the regional climate ; we have to ascertain 
whether the local meteorological records accurately reflect the average 
climate of the region, and to what extent the natural vegetation of the 
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soil corresponds with the observed climate. For these two factors are 
so completely interdependent that where there is any deviation,, that 
deviation must be due to some peculiar cause requiring investigation. 

5. Soil Profiles and their Forms ( Soil Morphology). — The structure 
of a soil profile is one of the most important objects of a local soil 
survey, and requires detailed description and illustration. 

The soil profile symbolises the face of the soil, reflecting its past and 
present condition. When a doctor makes a diagnosis, he first examines 
his patient’s face and enquires about any past and present feelings or 
pains, etc. Soil profiles (and also farmers thoroughly familiar with 
the soil) in many cases betray to the pedologist very much concerning 
the soil’s past and present condition that may be of use in directing 
further investigations . Since 
these characteristic morpho- 
logical features may be observed 
on the exterior of the profiles, 
they are spoken of as external 
characteristics. Before discuss- 
ing them, we must consider 
how to prepare and describe a 
soil profile with a view to study- 
ing its morphology. 

A point of fundamental im- 
portance in preparing a soil 
profile is that the profile shall 
as far as possible embrace all the 
successive horizons in a manner 
permitting ready comparison 
between them. The first thing 
to decide is the limits of the 
profile. The upper end is 
fixed by nature (the surface of the soil) ; but it is not so simple a matter 
to demarcate the lower end. There are places where the depth of the 
profile is only a few centimetres, while in other places it may be several 
metres. Theoretically , the soil profile reaches clown to the lowest point 
affected by the soil-forming factors — to the point where these factors 
converted the parent rock into soil. However, the effect exercised upon 
the parent rock by soil-forming factors often penetrates to depths 
inaccessible in practice (e.g., the accumulation of certain easily soluble 
salts — CaC0 3 , CaS0 4 , etc.). In such cases we may confine our investi- 
gations to lesser depths where the reactions in the soil profile are so 
slight as not to induce any sensible morphological alterations in the 
parent rock. 

In order to facilitate the work, we require as smooth and freshly 
cut a profile as possible — a profile observable both in the shade and in 
the sun. For this purpose a rectangular pit with a trench, as shown in 
Fig. 7, is usually dug. 
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In view of the fact that the downward and upward movement of 
soil moisture and air exercises a far-reaching influence on soil trans- 
formations and penetrates to depths beneath the lower end of the soil, 
the level and composition of the ground water and the periodic 
fluctuations in the water table often supply valuable data about the 
character and the origin of the soil. In many cases it Is necessary— 
or at any rate useful — to inquire into these matters. 

The first thing we notice is that the face of the soil varies fairly 
considerably in colour. The changes of colour are not accidental, 
but are natural features of the different soil types. In the coloured 
plate at the end of the present work Profile No. 3 shows a forest soil, 
Profile No. 7 a black steppe soil, and Profile No. 9 a solonetz soil with 
columnar structure. The first thing noticeable about these three 
profiles is that none of them shows any sharply defined layers or 
horizons. In the forest soil and the solonetz soil profiles we are able 
to distinguish only three and in the steppe soil profile only two horizons. 
In the forest soil the upper humus cover, which is not a fully developed 
soil, merely covering the upper, greyish podsolic horizon, is not reckoned 
as a horizon; if we do include it in the upper horizon, we divide the 
latter into two sub -horizons. Most pedologists do not in general 
regard the forest humus cover as a real horizon. For in fully developed 
podsolic forest soils there are really three horizons only — viz., the upper 
eluvial or A horizon , the middle accumulation or illuvial B horizon 
and the parent rock or C horizon. We find three horizons of a somewhat- 
similar character in the solonetz profile ; only the colour, shading and 
structure of the several horizons are different. The upper, greyish 
A horizon of the forest soil does indeed tally with that of the solonetz 
soil; the latter, however, is usually laminated or crusty in structure, 
whereas the podsolic horizon of the forest soil is generally uniform — 
loose, sandy or dust-like, practically structureless. The A horizon 
of forest soils may often be divided into two sub-horizons, A 1 and A 2 ; 
of these the upper (A x ) is of a rather darkish colour produced by the 
humus substances percolating out of the humus cover (sometimes 
called A 0 ), the other sub-horizon (A 2 ) being formed only at a lower 
level, this being the podsolic horizon which is almost white in colour. 
Below the A 2 is the B, or accumulation, horizon, which may also in 
many cases be divided into two or three sub-horizons. The B x horizon is 
brownish black, containing precipitated humus materials. The B 2 
horizon is rusty brown, containing hydrated ferric oxide, which often 
cements the soil aggregates to form very peculiar structures of a 
lumpy character or impermeable “ hardpans” These soil formations 
cemented by ferric oxide, which the German scientists call “ Ortstein 55 
(iron 'pan), are found mostly in sandy soils of coniferous forests. 
The iron horizon often contains calcium carbonate too, though there 
are cases in which a calcareous accumulation horizon (B 3 ) occurs 
under the iron horizon and above the parent rock (C horizon). 

In the columnar alkali soil, too, the B horizon is the accumulation 
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horizon, the upper sub -horizon (BJ of which looks as if it was formed 
of columns. The lower part of the B horizon is polygonal in structure ; 
it may be called By. it is followed by B 3 — the horizon of calcareous 
concretions — and then by C r At the bottom of a heavy clay alkali 
soil we usually find a layer of grey or yellowish impermeable lacustrine 
clay (in some cases only at a depth of 5-6 metres) which may be called 
the I) horizon. It must, however, be noted that strictly speaking this 
is not a part of the true profile, for its parent material was not that 
from which the soil has been formed. 

Finally, in the black steppe soil profile there is no B or accumulation 
horizon, while the upper horizon (A) is not an eluviated horizon, but 
in view of its organic substances rather an accumulation horizon. 
The upper horizon is therefore the darkest, the soil becoming lighter 
as we proceed downwards, though here and there we may find dark 
spots marking the original burrows and runs of rodents living in the 
soil which have been filled in with black soil brought down or washed 
down from the upper horizon. It may also happen that an animal 
living in the soil pushes up lighter earth, the result being that we find 
light spots in the dark horizon. According to Glinka, virgin black 
steppe soil consists of pea-shaped crumbs, due to the saturation of the 
humus -rich soil with calcium. 

It is true, indeed, that terms like u pea-shaped,” ■“ nutty,” polygo- 
nal,” ‘ 4 columnar,” “ laminated,” etc., are very indefinite, their inter- 
pretation being purely subjective; they are nevertheless commonly 
used, and for the present we must for lack of better ones be content 
to use them. Recently some of the Russian soil scientists have 
endeavoured to denote structural values and varieties by numbers. 
Txulin, for instance, suggests a method of determining the structure 
of soils similar to mechanical analysis, whereby— in addition to the 
mechanical composition of the soil — he determines the stable aggregates 
which cannot be dispersed by water.* 

0. Humidity and Water Regime of Soil Profiles. — In profile studies 
the absolute water content is not so important as the relative 
wetness or dryness (ascertainable by touch) of the horizons, and the 
level of the ground water. Special account should be taken of the 
latter and of other local hydrographical conditions. For similar 
reasons we must note down all features observable in the profile which 
may cause the horizons to be permeable or impermeable. 

7. Local Chemical , Physical — and Possibly Biological — Tests . — 
We are only concerned with these tests in so far as they contribute 
to the general characterisation of the profile and may serve as a basis 
for further more exhaustive chemical, physical or biological researches. 
The following are some of the tests usually made : 

(a) The detection of the vertical distribution of calcium carbonate by 
dropping dilute hydrochloric acid on the whole profile. 

* See TiUfvrN, A. Th. : Investigations of Perm Agile, Exp. Stat., Div. of 
Agile. Chemistry, No. 2, 1928. 
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(b) The testing of soil reaction in the different horizons. 

(c) A thorough investigation of any concretions found in the profile, 
and their composition (CaCO^, gypsum, ferric oxides, etc.). 

(d) The testing of the solubility of the humus in water, dilute ammonia 
or other solvent. The mobility of humus substances is characteristic 
alike of forest and of alkali soils. The saturated humus of steppe 
soils and rendzinas is insoluble unless previously liberated by some 
acid, 

(e) The detection of the presence of ferrous iron , which shows 
where reduction processes predominate. 

(/) The examination (in alkali soils) of the kind, quantity and vertical 
distribution of water soluble salts. 

(g) Careful physical tests , which are of the utmost importance. 
There are several physical peculiarities which can be detected by obser- 
vation and are of great use for characterising a profile. 

(h) Biological tests , which do not involve any very accurate or 
detailed researches. Very important, for instance, is the finding of 
the remains, the bones or the subterranean dwelling of some rodent 
(crotovme). Any horizon in which we find fresh -water snails must 
undoubtedly be of lacustrine or of marshy origin, even where forests 
or steppes have developed later on. As we have seen, earthworms 
are found in well aerated forest soils as w T ell as in black steppe soils, 
and denote a state of good aeration, which leads us to expect aerobic 
bacteria also. On the other hand, where the humus cover of a forest 
soil is interwoven with mould mycelia and signs of peat formation 
are in evidence, we must assume the presence of an anaerobic microflora. 

The conclusions to be drawn from these phenomena observed on 
the spot enable us to form a provisional opinion on the soil type. 
We can then ascertain which details require to be subjected to a more 
thorough chemical, physical and biological investigation. 

CHAPTER XI 

CHEMICAL PROPERTIES OP SOILS AND THEIR 
CHARACTERISATION 

The chemical investigation of soils may be effected in many different 
ways. In the present chapter we shall, however, examine only those 
chemical properties which are essential for understanding and charac- 
terising a soil. Admittedly, the chemical composition of a soil at any 
time merely reflects its momentary condition, but where we find a 
basis for comparison with the original — or at least an earlier — stage 
of development, the difference between the two data enables us to 
obtain some idea of the alterations which have taken place, and to 
ascertain the direction and nature of the dynamic phenomena prevailing 
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at present in the soil. The basis for a comparison is supplied by the 
parent rock from which the soil has been formed* But even if we are 
unable to reach, the parent material, a comparison of the composition 
of the several horizons will enable us to form, an idea of the dynamic 
state of the soil. 

In the section dealing with soil genetics we have already come to 
know a few characteristic phenomena (formation of humus, alkalisation, 
podsolisation, etc.) taking part in soil formation. These phenomena 
mainly comprise transformations of the parent rock (weathering, 
leaching out, accumulation, absorption, etc.), and the chemical changes 
are in many cases revealed by the external features of the soil profile. 
These external features are therefore closely connected with, the 
internal chemical changes, what is practically a cross-section of the 
latter being provided by the chemical composition of the soil horizons. 

It would naturally be a mistake to conclude that only the chemical 
features are of use for characterising the dynamic condition of the soil. 
In many cases the biological condition of the soil is just as important, 
but even then it is the chemical changes accompanying the biological 
phenomena that give the soil its permanent character. An acquaint- 
ance with the chemical character of a soil enables us also to draw 
conclusions about its biological condition. Thus, in acid soils poor in 
calcium the azotobacter or nitrifying bacterium is less active. In the 
case of acid soils we may therefore conclude from the chemical char- 
acter itself that the fixing of free nitrogen from the air by bacteria must 
be only very slight and that the formation of nitrate practically ceases. 
Now, since soils of this kind are usually avoided by papilionacece 
(with the possible exception of lupines), the nitrogen-fixing effect of 
these plants is also lacking. There being no nitrification in these 
soils, the nitrogen found in them is not so readily available as a plant 
nutrient as it is in good humus, neutral or slightly alkaline soils, for 
which reason acid soils are particularly responsive to nitrates. This 
single example shows us that a relatively slight— though characteristic 
—element of the chemical condition of the soil suffices to enable us 
to presume the existence of many important biological phenomena of 
value not only theoretically, but also from a practical point of view. 

A knowledge of the chemical condition often enables us to guess 
also the physical behaviour of the soil. For instance, where the 
absorption complex of the soil contains a considerable proportion 
of exchangeable sodium, but the soil itself contains few free sodium 
salts and no CaCO ;p we may presume a high degree of dispersion. 
When wet, a soil of this kind swells, while when it dries up it shrinks 
considerably, forming large cracks. Its aggregates have a character- 
istic structure and are often as hard as iron. These peculiarities are 
all found in the so-called leached alkali soils. 

The examples I have given above were offered to show the close 
connection between the chemical condition of the soil on the one hand 
and its physical and biological behaviour on the other, it being possible 
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to draw conclusions from one property as to what the other properties 
must be. While it is true, therefore, that strictly speaking the chemical 
composition reflects merely the present condition , it nevertheless bears so 
lasting an impression of the past and has latent in it such unmistakable 
indications of the future that we can understand the whole dynamic 
character of a soil from what the soil itself has to tell us. 

In the following sections I shall not deal with soil-testing methods 
from an analytical or practical point of view, but shall confine myself 
to explaining what can or may be deduced from the results of analyses 
and show how they may ultimately be utilised for characterising 
soils. 

The chemical characteristics of soils may conveniently be divided 
into several groups. I shall therefore treat of the chemical description 
of soils under the following heads : 

1. The mineral-chemical composition of soils. 

2. The chemical characteristics of soil organic matter. 

3. Characteristics of the absorption complex of the soil. 

4. Colloidal explanation of adsorption phenomena and coagulation 
in the soil. 

5. Characteristics of the water extract of the soil. 

1. Mineral-Chemical Composition of Soils. 

As regards chemical composition, we must distinguish between the 
inorganic and the organic part of the soil. The bulk of the former is 
usually of mineral origin; and we are therefore justified in speaking 
of the mineral-chemical composition of soils, even if we do not inquire 
into the true mineralogical composition. 

At first sight it w^ould appear that the mineralogical analysis of 
soils should be of the utmost importance in estimating their mineral- 
chemical composition. However, a study of the scientific literature 
available on the subject makes us realise that we know the mineralogical 
composition of comparatively few soils. Why then has the mineral- 
ogical analysis of soils been so neglected ? What are the prospects of 
mineralogical analyses of soils becoming more common ? In my 
opinion, since soil-forming processes usually begin when the parent 
rock splits up into its constituent elements not only physically but 
chemically too, the only information obtainable from all residues of 
the original minerals will relate to the past — the origin — of the soil 
and to the raw material in reserve for use in the future. For that 
reason purely mineralogical analyses can usually be employed only 
to a restricted extent for characterising the various soil types. The 
case is quite different with the recent investigations of the colloidal 
fractions, which cannot be regarded as original minerals, but as the 
results of chemical reactions occurring during the weathering process. 
From some of the investigations we may conclude also that the same 
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secondary minerals contribute actively to the reactive capacity of 
the colloidal fractions. 

Therefore, though the mineraiogical composition of the soil is not 
yet regarded, as suitable for using independently for the purpose of 
soil characterisation, it nevertheless often serves to supply very valuable 
data to supplement the chemical and even the mechanical analysis. 
In many cases the proportion of easily to less easily decomposable 
minerals enables us to infer the degree of weathering undergone, 
particularly if we compare the mineraiogical composition of the 
several horizons with the parent rock. 

In doubtful cases a comparison of the mineraiogical composition of 
the several horizons will also help us to ascertain whether the soil 
was really formed out of the underlying rock, or whether it has been 
formed from deposits of a parent material originating from some other 
place. By this method Ballenegger proved that the red soil ( nyirok 
soil) of Mad, Hungary, was really formed from the rhyolite found 
beneath it — the formation dating probably from an earlier geological 
age in which these rhyolite hill-cones formed the shores of the inland 
sea covering the territory now known as the Hungarian Lowlands, 
which must have had a climate almost identical with that of the Adriatic 
and Mediterranean Seas today.* 

In the dynamic system of the soil the original minerals pass through 
transformations of a more or less chemical character. The minerals 
break up into their elements or into residual compounds which then 
either form new compounds or complexes respectively (c.f/., CaC0 3 , 
CaS0 4 or zeolite complexes), or the decomposition products remain 
intact in the soil (c.gr., A1 2 G. P Fe a O a or Si0 2 gels). Subsequently these 
compounds either remain in the soil as they are or become more or 
less leached out or accumulate in one or other of the horizons. We 
have already seen how important these phenomena of soil formation 
are for the development of the several soil types. The only information 
we can obtain about these phenomena is given not by mineraiogical 
but by chemical analysis. What is essential for soil determination is 
to ascertain not the residual fresh minerals, but rather the composition 
of the weathered mineral part not determinable mineralogically . 

In the mineral part of the soil we may theoretically distinguish three 
groups — viz., (1) unweathered debris of original minerals, mostly 
crystalline in structure; (2) amorphous weathering products (of coarse 
or colloidal dispersion) which are not definable mineralogically, while 
some of them may display the phenomena of base -absorption ; 
(3) crystalline compounds or such compounds as are easily definable 
chemically — e.g. 9 the various salts and oxides or, as shown by recent 
research, crystalline secondary minerals. 

A mineraiogical analysis of the soil naturally affords information 
only about the first group or at most about certain crystalline weather- 
ing products formed in the soil. A total chemical analysis by fusion, 

* See Ballenegger, R. : Foldt. Koz., Voh XLVII. (1917), p. 20. 
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on the other hand, enables ns to determine all three groups together, 
though even then we cannot obtain indisputable, data regarding the 
degree of weathering or the leaching process. Fusion-analyses some- 
times give information enabling us to estimate the absolute losses, but 
this information is usually restricted and often misleading, as may be 
seen from Helbig’s data in Table XIX.* 


TABLE XIX 



Total Analysis by Fusion. 

Amlysis of the HC1 
Extract. 


Podsol | 
Horizon. 

Iron-Ore 

Horizon. 

Parent 

Rock. 

Podsol 
Horizon . j 

Iron-Ore 

Horizon. 

Parent 

Rock. 

Si0 2 per cent. 

81*46 

62*83 1 

69*64 ! 

0-0969 ! 

2*2076 

0-1178 

ai 2 o 8 

Fe 2 Q 3 „ 

10*22 

1*38 

18*56 
4*80 i 

15-24^ 1 
2-33/ 

1*5399 

12-2624) 

1-5688/ 

8*1492 

MnO „ 

0*11 

4*14 

M2 

0*1055 - 

0*5634 

0*2363 

CaO 

0*17 

0*78 

0*97 1 

0*1167 

0*1819 

0*1973 

MgO 

0*57 

0*63 

0*69 

0*0624 

0*3380 

0*1421 

K a O 

3*90 

4*48 

5*20 

0*0935 

0*2062 

0*2188 

Na 2 0 

3*64 

4*63 

5*47 

0*1223 

0 1591 

0-0544 

P 3 O f 

0*29 

0*89 

0*58 

0*0282 

0*1268 

0*0920 

so 3 

, •. , 

■ — 

i 

0*0491 

! 0*2552 

0*0522 


The point particularly worth noting in the above table is the changes 
in the quantities of Si0 2 and sesquioxides. From the total analysis 
by fusion we see that the Si0 2 considerably increased in the podsol 
horizon, while the soluble Si0 2 (extracted by HC1) was leached out. 
The apparent contradiction shown here may be explained by the 
circumstance that the quartz dissolved by fusion is insoluble in nature 
and consequently actually increases relative to the other, soluble 
elements. It would be a mistake, however, to conclude that no Si0 2 
migrates during podsolisation, for the data of the hydrochloric extract 
prove that the amount of soluble Si0 2 in the iron-ore horizon is 22 
times as great as in the podsol horizon. We shall have no difficulty 
in understanding this when we study the migration of sesquioxides 
as shown by the hydrochloric extract. These, too, increase in the 
iron-ore horizon; the explanation being that the A1 2 0 3 , Fe 2 0 3 and 
Si0 2 gels originating from the weathering of the silicates— either 
independently or to some extent interdependent^— have followed the 
direction of leaching and have accumulated by precipitation in the 
iron-ore horizon. 

In the section dealing with the different types of soil formation 
we explained the special use of hydrochloric-acid extracts. All I 
intend to do here is to summarise the general principles used to interpret 
the results obtained from them. 

* gee GniNKA, BL: op. cit . , p. 80. 
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From Hilgard’s original data in. column 1 , Table XX., we see the 
characteristic difference in the average composition of the hydrochloric 
extracts of humid and arid soils respectively. In humid soils, for 
instance, the insoluble residue is 14 per cent, more, due to the more 
energetic leaching in comparison with arid climates. As a consequence 
the soluble part, consisting of aluminium silicates decomposable by 

TABLE XX 


Average Composition of Humid Soils 







Sum of 

Equivalent 
Per Cent . 


Per Gent 


Per Gent. 

Equivalents. 

+ and - 
Equivalents . 

Na 2 G . . 

O' 091 

Na 1 

0-067 

0*00291 



0-82 % 


KjjO . . 

0-216 l K l 

0-178 

0-00456 



1*28 


CaO 

0-108 

Ca 11 

0-077 

0-00386 



1*08 


MgO . . 

0-225 

Mg n . . 

0-131 

0-01094 


0-35573 

3-07 

100 

Fe 2 0, .. 

3-131 

Fe 111 . . 

2-192 

0-07843 



22*05 


M nAh . . 

0-138 

Mn UI . . 

0-096 

0-00349 



0*98 


ALA •• 

4-296 

Al nl . . 

2-289 

0-25154 



70*72 J 


SO* .. 

0-052 

B0 4 h . . 

0-062 

0-00129 ^ 



0-36 


PA . . 

0-113 

pcy” .. 

0-152 

0-00481 



1-35 


SiO, . . 

4*23.2 

Si0 4 lv .. 

6-456 

0-28117 


0-35573 

79-05 

100 

Loss on 
ignition j 

3-644 

o n 

0-546 

0-06846 j 



■ 

19-24 , 


Insoluble ] 
residue J 

84-031 

Loss on 
ignition 

}- 3-664 


. 




■ 

Insoluble 

} 84-031 







residue 






Total 

100-252 


99-951 







Average 

Composition of Arid 

Soils 



Na*0 . . 

0-264 

Na 1 

0-196 

0-00852 ' 


j 1-19 > 


K 2 0 . . 

0-729 

K 1 

0-605 

0-01550 


2-17 


CaO . . 

1*362 

Ca 11 

0-973 

0-04877 


6-82 


MgO . . 

1*411 

Mg 11 . . 

0-846 

0-07068 

V 

0-71517 

9-88 

■100 

Fe 2 0 8 . . 

5-752 

Fe m . . 

3-027 

0-10830 


15*14 


Mn 8 0 4 . . 

0-059 

Mn ,n .. 

0-042 

0-00150 


0-21 


Al A .. 

7-888 

A1 IH . . 

4*203 

0-46187 J 



64-59 , 


so. . . 

0-041 

S0 4 n . . 

0-049 

0-00102 



0*14 x 


PA . . 

0-117 

P0 4 m .. 

0-156 

0*00493 



0*69 

1 

co 2 . . 

Si0 2 

0*316 
: 7-266 

ccy 1 .. 

Si0 4 IV .. 

1-792 

11-136 

0-05989 

0-48504 


0-71517 

8 ‘ 37 'mo 
67-83 f 1(>0 

Loss on } A 
ignition) 4 ‘ 945 

O 11 

\ j z . . | 

1-331 

0*16429 

i 

22-97 ; 


Insoluble 
residue J 

70-565 

l Loss on 
| ignition 

j 4-945 







Insoluble 

v 







residue ■ 

j 70-565 





Total 

101-715 

99846 

■ 
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acids, and of alkaline earth carbonates, accumulates in arid soils 
quantities of soluble Si0 2 and A1 2 0 3 averaging nearly twice as much 
as in humid soils. There are no carbonates at all in humid soils. 
It should be noted that Hilgard deliberately omitted from both groups 
soils formed on calcareous or dolomite rocks, lest the extreme composi- 
tion of the parent rock should mask the pedogenic effect of the climate. 
When we examine more closely the chemical composition of the fraction 
soluble in hydrochloric acid we find also that the sum of the gramme — 
equivalents of the positive constituents in arid soils is roughly twice 
as great as in humid soils. Now, from the last column we see that in 
arid soils the sum of the equivalent percentage of the trivalent cations 
(Al, Fe and Mn) is barely 80 per cent., whereas in humid soils it exceeds 
90 per cent., showing that as a consequence of the more intensive 
leaching of the univalent and bivalent cations, the trivalent cations, 
which are less mobile, are present in larger quantities.* 

Van Bemmelen, when dealing with the colloid materials found in 
soils, and with their absorption phenomena, divided the soil silicates 
into two main groups — weathered silicates and unweathered silicates . 
He found that cold concentrated sulphuric acid decomposed and 
dissolved all products of weathered silicates, the residue consisting 
solely of unweathered silicates. Hot sulphuric acid, on the contrary, 
exercised a powerful decomposing effect on the original silicates 
also. 

Van Bemmelen divided the weathered silicate complex into two 
parts, the A and B complexes. The A complex comprises all the 
substances taking part in the absorption phenomena, of the soil. These, 
he found, all became soluble after two hours’ boiling with concentrated 
hydrochloric acid. The residue, which is soluble in concentrated 
sulphuric acid, is not capable of absorption and in its composition 
resembles kaolin. In short, we may as a result of van Bemmelen’s 
researches divide the soil into three silicate complexes: (1) the absorp- 
tion silicate complex (A complex); (2) the kaolin-like silicate complex 
(B complex); (3) the unweathered silicate complex, the latter being 
determinable by fusion of the insoluble residue of the suljrhuric acid 
extraction. 

Van Bemmelen, it should be noted, emphasised that the constituents 
dissolved by hydrochloric or sulphuric acid cannot be regarded as 
single compounds or even as mixtures of well-defined chemical 
compounds (silicates). Many workers — especially Stremme — have 
declared emphatically that these complexes — and particularly the A 

* For details see Sigmond, Alexius A. J. de: “ Introduction of a New Term- 
inology in Indicating the Chemical Composition of Minerals and Soils 55 (Intern. 
Mitt. f. Bodenkunde, Vol. II., 1912, Nos. 2-3). 

See also Hilgard, E. W. : “A Report on the Relation of Soil to Climate ” (U.S. 
Weather Bur. Bull., 3, 1892; “fiber den Einfluss des Klimas auf die Bildung 
und Zusammensetzung des B odens ” (Heidelberg, 1893); Ann. Sci. Agron., 
Yol. II. (1892), pp. 92 and 395; “ The Relation of Soils to Climate ” (Calif. Exp, 
Stat. Kept,., 1892-93 and 1894). 
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complex — are irregular mixtures of Si0 2 and A1 2 0 3 gels.* * * § Gans 
(Ganssen), on the other hand, regarded the hydrochloric acid extract 
as being colloidal zeolites, presuming that he could reconstruct their 
chemical formulae from the composition of the hydrochloric acid 
extract.f When he started his work, he did actually reconstruct the 
silicate complex from the data of the hydrochloric acid extract 
prepared by Hilgard’s method, making far-reaching deductions 
therefrom. The fundamental idea underlying this reconstruction is 
as follows. 

The first thing he did was to convert the percentage composition of 
the hydrochloric acid extract by means of the dualistie method usual 
in mineralogy into oxide and acid -anhydride molecules. From the 
sum of the molecules of bases he then deducted a proportion corre- 
sponding to the valency of the acid anhydrides (except silicic acid 
anhydride) • in order to eliminate the salts accompanying the silicate 
complex or the equivalent bases of the latter. Next he calculated the 
number of Si0 2 molecules and of the remaining base molecules relative 
to the number of A1 2 0 3 molecules. He found that in most soils to 
every molecule of A1 2 0 3 there were three or more molecules of Si0 2 , while 
the molecular ratio of bases to A1 2 0 3 was about I. Since he had 
previously found that both in natural chabasite-like and in artificial 
zeolites the ratio Si0 2 : A1 2 0 3 : RO was roughly 3 : 1 : I, only the 
Si0 3 occasionally exceeding this proportion ,.t he adopted this formula 
as a basis in classifying soils. In his opinion soils in which the silicate 
complex corresponds to the above formula are neutral soils saturated 
with bases; while those in which the proportion of RO is less than 1 
are unsaturated — i.e acid — soils, and those in which the proportion 
of RO is greater are alkaline soils. 

At the time the conclusions arrived at by Ganssen awoke universal 
interest and were made the centre of discussion and inquiry. The 
importance of the question was stressed in particular by Ramann.§ 
For Ramaxn regarded Ganssen’s researches as having proved that 
there are two groups of hydrated aluminium silicates occurring in soils. 
A peculiarity of the first group is that it very rapidly exchanges its 
bases for the bases of other solutions, whereas the bases of the second 
group are not easily exchangeable, the process of exchange here being 
a slow one. It is therefore possible with the help of concentrated salt 
solutions to separate the bases absorbed in the soil into two groups — 
viz., the group of rapidly exchangeable bases and the group of bases 
which can be exchanged either only slowly or not at all. For this 
purpose Ramanx suggested a method of investigation employed, as the 

* See Stremme, H. : Monatsber. Dtscli. Geol. Ges., Yol. LXII. (1910), p. 122, 
and Centrbl. Mineral. Geol., 1914, p. 80. 

t See Gans, R.: Int. Mitt, Bodk., Vol. III. (1913), p. 529. 

j See Gans (Ganssen), R, : Jahrb. Kgl. Preuss. Geolog. Landesnstalt, 
Vol. XXVI. (1905), p. 119, and Vol. XXVII. (1906), p. 63. 

§ See Int. Mitt, Bodk., Vol. V. (1915), p. 41. 
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basis of many similar researches in the years that followed.* * * § There 
is therefore no disputing the value of Ganssen’s services in this field. 
The conclusions respecting the molecular reconstruction of the silicate 
complex drawn by him and referred to above have not proved correct 
in every respect. 

In the first place it has been shown that the molecular reconstruction 
depends considerably on the method of preparing the hydrochloric acid 
extract. Experiments made by us with soils from Hatvan showed 
(Table XXI.) that the soil appeared as alkaline, acid or neutral respec- 
tively according to the method employed. f 


TABLE XXI 


Method Used. 

Si0 2 

Molecules. 

ai 2 o 3 

Molecules. 

RO 

i Molecules. 

According 
to Ganssen. 

Hilgard’s 

3-09 

1 

1*23 

Alkaline 

Official American 

4*25 

1 

0-80 1 

Acid 

One hour boiling 

4-20 

1 

1*31 ; 

Alkaline 

Official Russian 

4-05 

1 

1*08 

Neutral 


This fact has recently been admitted by Ganssen himself, who was 
not prepared to accept the method suggested by van Bemmelen and 
Hissink because in his opinion it decomposes at least 8 per cent, of 
the original silicates and thereby leads to false conclusions. According 
to Utescher and Ganssen the method of the Prussian Institute of 
Geology — which differs only very slightly from that of van Bemmelen 
and Hissink — does not seriously attack the unaltered silicates, so 
that from the molecular ratios we can draw very far-reaching conclusions 
about the reaction condition of the soil, its abundance in nutrients and 
other chemical properties 4 Not only does this recent method differ 
materially from Hilgard’s and the official American methods, but also 
from Ganssen’s original method. Ganssen at first subjected the soil 
for 24 hours to the reaction of 20 per cent, cold hydrochloric acid; 
his latest method is to boil the soil for 1 hour in an open vessel with 
20 per cent, hydrochloric acid.§ 

Although I have not had an opportunity to check the official Prussian 
method, it should be noted that Utescher and Ganssen have so far 
failed to offer any experimental data to prove that the new method 

* It should be noted that the publications of Gedroiz, -which appeared in 
Russian in 1912, provided with a summary in German and containing the results 
of similar experiments, were still unknown in international literature. 

f See Sigmoxd, A. A. J. vox: Int. Mitt. Bodk., VoL V/ (1915), p. 197. 

t See Utescher, K.: Ztsehr. Pflanz. Diing. Bodk. A., Vol. XL (1928), p. 275. 

§ See G-axs (Gaxssex), R.: Jb. Kgl. Preuss. Geol. Landesanst., Vol. XXVI. 
(1905), p. 207, and Utescher, K. : Ztsehr. Pflanz. Diing. Bodk. A., Vol. II. 
(1923), p. 370. 
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really scarcely decomposes the silicates present in the soil, even if 
they have proved that the results obtained by the two processes are 
divergent.* 

My own experiments have, however, shown that the quantity of 
bases dissolved in the hydrochloric extract prepared according to the 
method of van Bemmelen and Hissink is always materially in excess 
of that of all the exchangeable bases combined. This may be seen 
from the data given in Table XXII. 

TABLE XXII 

Percentage of Exchangeable Cations in the Total Amount 
Soluble in HC1 


L Slightly Podsolised Forest Soil , HuvosiMgy , Hungary. 


Soil 

Horizon . Ca 

Mg 

K 

Na 

A 

21*75 

15*77 

18*18 

5*08 

B, 

10*20 

12*95 

16*90 

9*38 

b 2 

17*85 

5*69 

21*44 

9*65 

c 

25*00 

5*24 

16*20 

14*85 


2. Dark Brown Steppe Soil, Csorvds 

Hungary. 


A 

26*3 

1*44 

19*6 

4*7 

B x 

27*5 

2*35 

1*0 

3*5 

b 2 

36*4 

0*56 

5*1 

74*5 


3. Black Steppe Soil , 

Pusztakamards 

Transilvany . 


A 

72-3 

2*8 

4*72 

6*1 

B 

69-0 

2*45 

5*3 

9*0 

C! 

83-0 

1*47 

4*82 

14*4 


4. Leached Alkali Soil, Hostoldgy, 

Hungary , 


A 

27*55 

40*7 

15*6 

26*55 

B x 

34*20 

17*9 

10*8 

19*90 

b 2 

20*50 

21-9 

7*55. 

24*80 

b 3 

39-40 

11*5 

6*7 

32*3 

c, 

36*70 

12*65 

31*6 

58*4 

c. 

32*78 

79*0 

45*3 

48*1 

C s 

44*69 

65*5 

43*6 

64*8 

D 

39*45 

45*9 

33*1 

44*2 


Now, though according to Gaxssen’s theory the bases of the zeolite 
complex are rapidly and completely exchangeable, the above data 
prove that the bases dissolved by hydrochloric acid are not identical 
with the exchangeable bases. According to Gedroiz results can be 
obtained by the use of 0*05X HC1 similar to those obtained by exchange 
with neutral salt solutions. Now it is inconceivable that boiling 
20 per cent. HC1 should react only to the same degree as the above 

* See Siomond, A. A. J. von: “ Bemerkungen ziir Frage der Zubereitung des 
Salzsaureauszuges ” (Verb. II. Komm. Int* Bodkl. Ges. A., Budapest, 1929, 
P- 13). 
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dilute HOI. For these reasons the Second International Soil Science 
Commission rejected Utescheb’s proposal and accepted as official the 
method suggested by van Bemmelen and Hissink.* But we cannot 
regard the hydrochloric extract as enabling ns to reconstruct the 
chemical composition of the zeolite complex of the soil. For hydro- 
chloric acid decomposes not only the zeolite complex but also the fresh 
minerals and less decomposable silicates. A more exact chemical 
characterisation of the hydrochloric acid extract is to express the 
constituents by their equivalents., In that case there is no need of 
arbitrary assumptions — except that we regard the combined silicic 
acid as Si0 4 , this being the form in which silicic acid is most likely to 
be found in the weathered silicates and silicate complexes. 

The pedological importance of the B complex, decomposable by 
sulphuric acid, is not yet quite clear; and for that reason I shall confine 
myself to explaining the several constituents of the A complex or rather 
the pedological interpretation of the hydrochloric extract. 

It should be noted that the silicic acid liberated from silicates by 
the action of the hydrochloric acid, although insoluble in that acid, 
nevertheless forms an integral part of the hydrochloric extract. This 
silicic acid is therefore dissolved in sodium hydroxide and added to the 
Si0 2 soluble in hydrochloric acid. Unless this is done, the interpretation 
of the hydrochloric extract will be not only deficient but actually 
misleading; for the insoluble residue would appear more, and the 
soluble Si0 2 less, than it really is. 

I shall now treat separately the several constituents of the hydro- 
chloric extract, 

1. Insoluble Residue . — This is really the inactive and most re- 
sistant part of the soil; it consists chiefly of quartz combined with 
a certain quantity of intact silicates and kaolin-like weathering residue 
resistant to the action of hydrochloric acid. The amount of such 
residue varies very considerably in different soils and soil horizons. 
In sandy soils — particularly where the sand consists of leached quartz — 
its proportion is far in excess of 90 per cent.; and in the leached soils 
of humid climates in general the proportion averages 80-85 per cent. 
In dry climates, in soils which are not sandy, the proportion of this 
residue declines even to less than 50-60 per cent. ; indeed, in calcareous 
soil horizons we repeatedly find it as low as 20 per cent. Consequently, 
those soils which contain a relatively large proportion (exceeding 80 per 
cent.) of insoluble residue are usually either sandy or more or less 
leached soils. 

2. Soluble SiO r — This term comprises the Si0 2 soluble in HC1 and 
dilute alkalies; for the hydrochloric extract usually contains barely 
0T-0‘2 per cent., whereas combined with that found in the dilute alka- 
line solution it often amounts to 10-15 per cent. The large quantity 
of soluble Si0 2 points to silicate weathering on a large scale. It should, 

* See Proceedings of Second Commission of International Society of Soil 
Science, VoL B, Budapest, 1929, p. 18. 
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however, be noted that the hydrochloric acid partly decomposes the 
unweathered silicates, from which part of the soluble silicic acid 
originates. There can be no doubt that the hydrochloric acid first 
decomposes the A silicate complex which is the residue of the silicate 
weathering. Therefore, though perhaps Ganssen’s statement that we 
can reconstruct the weathered silicate complex from the hydrochloric 
extract is rather optimistic, it is nevertheless indubitable that the bulk 
of the soluble silicic acid originates from the weathered silicate complex. 
It is equally indubitable that the Si0 2 dissolved in dilute alkali may 
occur partly in a free state as silicic acid gel, though this is so only 
when the decomposition of the silicates is active. This detail can also 
be determined by subjecting the original soil sample to the action of 
dilute alkalies. The Si0 2 dissolved by this direct action may be 
assumed to occur in a free state, and is not part of the zeolitic silicate 
complex, 

3. A l 2 O s . — Aluminium oxide is at least as important for the charac- 
terisation of soils as the soluble silica with which it is usually associated ; 
for the bulk of the latter also originates from weathered aluminium 
silicates and is a typical constituent of the zeolite complex. Hence, 
in soils in which there is a relatively large proportion of A1 2 0 3 soluble 
in hydrochloric acid, the zeolite complex also usually has a high value. 
It is clear that when the hydrochloric acid dissolves bases in excess of 
the exchangeable bases, the quantity of dissolved A1 2 0 3 and Si0 2 must 
also be far in excess of that corresponding to the absorption complex 
(T). We find, however, that any decrease or increase of the T- value 
is sometimes accompanied by a corresponding decrease or increase in 
soluble Si0 2 and A1 2 0 3 . In this connection we must not forget either 
that the A1 2 0 3 may also occur free, as gels, soluble in dilute alkalies. 
To determine the combined A1 2 0 3 , we must deduct the free from the 
total AloOjj dissolved in hydrochloric acid. Particular importance 
attaches to the free A1 2 0 3 and Si0 2 in those soils in which the silicates 
decompose into their constituent elements, as, for example, in podsols, 
brown forest soils, red earth (terra rossa) and laterites. 

4. Fe /) IV — This term really includes not only ferric but also ferrous 
oxide compounds dissolved by hydrochloric acid. It would be useful 
if we could determine separately the ferrous compounds originally 
existing in the soil, for the amount might serve as a kind of measure to 
indicate the reduction processes prevailing in the soil, but at present 
we do not know any suitable method. It must not be forgotten that 
ferrous compounds are easily oxidised in contact with air, the result 
being that by the time the soil sample packed in the usual way reaches 
the laboratory some of the ferrous compounds have become ferric 
compounds. We have to be content, therefore, with trying to detect 
ferrous compounds qualitatively when the soil sample is taken. By so 
doing we avoid being misled in cases in which the original soil would 
have shown a positive ferrous reaction. Our present knowledge of the 
role played by ferrous iron is deficient, due to our not having at our 
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disposal adequate experimental data. The iron in the soil is partly 
of mineral and partly of vegetable origin, consequently the Fe 2 0 3 
detected by analysis has to be subjected to criteria quite different from 
those applied to the A1 2 0 3 . Whereas the latter originates almost 
exclusively from aluminium silicates, or rather from their weathering 
products, thus enabling quantitative deductions to be made regarding 
the changes undergone during their weathering and leaching — the 
quantitative change of the Fe 2 0 3 enables us to draw conclusions not only 
about the circumstances governing the weathering and leaching of the 
silicates, but also about changes undergone by the soil organic matter. 
It is indubitable that changes in the A1 2 0 3 and the Fe 2 0 3 are very 
frequently (though not always) parallel. Even though these two 
kindred constituents may migrate similarly in the horizons, we must 
never forget that the migration of the iron to a great extent keeps 
pace with that of the humus. This fact is evidenced best by the 
iron concretions which are common in certain soils and usually contain 
a considerable quantity of organic matter in addition to the iron. In 
these concretions the A1 2 0 3 content is usually extremely low, showing 
that the organic matter is often combined with the iron — and possibly 
also with manganese, which is found in many cases in considerable 
quantities. 

Recent investigations of the conditions governing the formation of 
red earths have produced evidence that in certain circumstances the 
Fe 2 0 ;i gel may combine with the Si0 2 gel in the same way as the A1 2 0 3 
gel, this being the probable origin of the characteristic red colour of 
terra-rossa soils. 

We see, therefore, that the quantitative changes of the Fe 2 0 3 allow 
conclusions to be drawn which are often extremely valuable and 
many-sided, and do not always correspond to the phenomena relating 
to A1 2 0 3 . 

5. Mnfi r — The hydrochloric acid extract gives us even less infor- 
mation about the original forms in which manganese occurs than it 
does in the case of the iron; but manganese is usually a very insignificant 
and secondary constituent. In some iron concretions its quantity is 
considerable, but we know nothing respecting its real pedological 
importance. 

6. TiO t . — This is usually associated with Si0 2 and P 2 O s . At 
present we know nothing of its pedological importance. 

7. CaO. — The calcium content of soils is of great importance for 
their chemical characterisation. Hilgard was the first to point out 
that in the soils of humid climates we find far less CaO than in soils 
formed in arid climates. Great importance attaches also to the calcium 
content of the parent rock ; for we know that the soil formed from parent 
rocks containing CaC0 3 is often very different in type from that formed 
from parent rocks free from CaC0 3 . Generally speaking, it is the 
quantity of calcium present that determines the chemical, physical 
and biological behaviour of soils. Of special importance are the 
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CaCO ; , and exchangeable calcium contents of the soil. The hydro- 
chloric extract enables us to determine the total decomposed CaO, 
while the absorbed Ca is determined from the exchangeable cations 
(bases) ; the quantity of calcium combined with carbonic acid can be 
obtained by determining the latter. However, the hydrochloric acid 
extract itself shows whether the quantity of CaO in the soil is relatively 
large or small, determining also the rate of leaching. The more active 
the soil-leaching, the greater the depth to which the CaO is leached and 
the poorer the upper soil. Podsolie and degraded alkali soils are par- 
ticularly poor in calcium. 

8. MgO , — This is a soil constituent in many respects similar in its 
effect to calcium; nevertheless, its behaviour often differs from that 
of calcium : for there are soils in certain horizons of which MgO accumu- 
lates at the cost of CaO. We do not yet know the real causes or even 
the consequences of this phenomenon ; it is a fact, however, that even 
in the presence of calcareous parent material it often happens that 
CaO is leached out of the upper horizons on a larger scale than MgO. 

9. K 2 0 . — The quantity of potassium in the hydrochloric extract 
varies very considerably, though, it is usually far less than I per cent., 
and therefore less than that of the bivalent bases. The potassium in 
the hydrochloric extract may originate from three different sources — 
from water-soluble potassium salts, from exchangeable potassium and 
from unaltered potassium silicates. The period of reaction by hydro- 
chloric acid and other circumstances connected therewith greatly 
influence solution of the potassium silicates. 

10. Na 2 0 . — This is the most mobile base in soil, and the quantity 
of Na 2 0 found in permeable soils of humid chmates is usually infinitesi- 
mal, particularly in the upper horizons. Even in semi-arid soil types 
(such as tshernosems) it plays only a subordinate role in the upper 
horizons. In the lower horizons it accumulates more and more, and it 
often happens that in the C horizon of steppe soils the water-soluble 
and exchangeable Na is so abundant that the soil assumes a slightly 
alkaline character. This fact is shown even more strikingly by 
examining the absorption complex and by determining the ratio of the 
water-soluble sodium to the other bases. In the parent rocks the 
sodium is usually found in compounds which decompose more easily 
than the potassium compounds, and the hydrochloric extract of parent 
rocks is consequently often richer in Na 2 Q than in K 2 0. It is only in 
the alkali soils, however, that we find the upper horizons containing 
any considerable quantity of sodium, due to the fact that leaching 
of the very mobile sodium has been impeded and the sodium has 
accumulated in the upper horizons. 

11. C0 2 . — If we leave out of account the soluble silicic acid, the most 
important acidic soil constituent is undoubtedly the carbonate -forming 
combined C0 2 . As we shall see later, the bulk of the negative 
constituents found in the hydrochloric extract consists of the anions 
of silicic and carbonic acids, the amount of the rest being negligible. 
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The bulk of the C0 2 is combined with CaO, calcium carbonate being 
the most mobile soil constituent. 

12. S0 3 . — The S0 3 content of soils is barely 0-1-0-2 per cent., though 
in exceptional cases sulphates play a more important role. In certain 
types of alkali soils, for instance, sodium and magnesium sulphates are 
found in considerable quantities. The same is true also of soils which 
have originated from gypsum parent rocks. The results given by the 
hydrochloric extract of a Spanish soil profile of this kind are summarised 
in Table XXIII.* 


TABLE XXIII 


Horizon . 

la. 

(PerCenL). 

lb. 

( Per Gent.). 

II. 

(Per Gent.). 

Na a O 

0-17 

0-21 

0-04 

K 2 0 

0-32 

0-18 

0*09 

MgO 

1-34 

0-71 

1-68 

CaO 

23-35 

20-50 

28-56 

MnO 

0-11 

0-07 

0*18 

Fe 2 0 3 

3-70 

1-75 

0-16 

ai 2 o 8 

1-03 

0-76 

0-34 

so 3 .. .. 

5-69 

22*27 

40-36 

p,o 5 

0*12 

0-07 

— 

co t 

13-86 

4-30 

1-09 

Si0 2 

7-32 

6-94 

1*16 

Ti0 2 

0-15 

0-10 

— . 

Insoluble residue . . 

27-52 

19-02 

1*64 

Loss on ignition . . 

11-29 

16-74 

19*58 

Water 

4-43 

7-29 

5-35 

Total.. 100-40 

100-91 

100-23 


13. P 2 0-. — This soil constituent, in spite of its importance in plant 
nutrition, is quantitatively quite a subordinate one. It sometimes 
happens, however, that the hydrochloric extract shows that it is not 
always the surface horizon of soil that is richest in phosphoric acid. 
This is usually the case with acid soils, for the natural phosphates 
occurring in soil are more easily soluble in weak acids than in water. 
The fact that the surface horizon is nevertheless usually richest in 
phosphoric acid is due to the activity of plant roots, which transport 
phosphoric acid from the lower to the upper horizons. This effect 
is exercised particularly by the natural vegetation of steppe soils, which 
readily accumulates organic phosphoric acid in the upper horizons. 
This process is furthered by the calcium content of the steppe soils 
protecting the phosphoric acid set free from organic matter against 
leaching. In acid soils, on the contrary, the leaching may be extremely 
energetic, firstly, owing to the abundance of CO., and humic acids, 
which mobilise the phosphoric acid, and secondly owing to the deficiency 
of calcium. 

* See Villab, E. H. del: “ Les sols mediterraneans 6tudi6s en Espagne ” 
(Madrid, 1930). 
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14. CL- — The chlorides present in soils naturally cannot be deter- 
mined in hydrochloric extracts; indeed, the hydrochloric extract is 
unsuitable even for the determination of nitrate, the amount of N0 3 
being usually so small that the quantity of soil used for the hydrochloric- 
acid extract is insufficient to make a determination possible. All 
chlorides and nitrates are easily soluble in water; therefore, and to 
determine the latter, we take more soil and use a water solution. 

15. Loss of Ignition and Moisture. — It is better to exclude the 
moisture content from the hydrochloric extract data and calculate all 
figures to a soil dried at a temperature of 105° C. The loss on ignition 
consists of three parts: (1) organic matter; (2) chemically bound 
(combined) water; (3) in the case of carbonate soils, the C0 2 set free 
by ignition. The latter quantity must be deducted, only the difference 
being shown in the analysis. Consequently, the loss on ignition corre- 
sponds to the total amount of organic matter and combined water. It 
is usual in practice to deduct a certain aliquot of the loss on ignition 
as combined water, the aliquot depending upon the mechanical 
composition of the soil. According to Novacki,* this aliquot is : 

For clayey soils .. .. .. | 

For loamy soils . . . . . . . . \ 

For sandy loam, or loamy sand . . . . |- 

The object of all these corrections is to estimate the total amount of 
organic matter — or of what is commonly called humus. Undoubtedly, 
if we were able to determine exactly the amount of combined water 
not evaporable at 105° C, and deducted this amount from the loss on 
ignition, we should get much nearer the real amount of the organic 
matter than by the other analytical processes described below. The 
average values given above are not suitable for this purpose, as the 
quantity of water retained by the soil depends upon the physical con- 
dition of the soil colloids. Hence we could not deduce the amount of 
combined water even if we could determine exactly the total amount 
of colloidal material, and it is thus inadvisable to calculate the organic 
matter from the loss on ignition. On the contrary, it is better to reverse 
the process, and, after deducting the value for the total amount of 
organic matter calculated on the basis of the carbon content from the 
loss on ignition, to take the remainder as approximately corresponding 
to the amount of water retained at a temperature higher than 105° C. 

Table XXIV. contains some relevant data obtained from Spanish 
soils tested by us.f 

The first thing that strikes us when we. examine these data is that 
there is no connection between the loss on ignition and the organic 
matter, not even within one and the same soil profile. As a con- 
sequence, whether the aliquot deducted from the loss on ignition 

* See Novacki: ■“ Pra-ktische Bod.enkun.de ” (1892), p. 108. 

t See Villar, E. H. del: “ Les sols 1 1 led i terra nee us etudies en Espagae ” 
(Madrid, 1930). 
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is §, J or J, the remainder never corresponds exactly to the actual 
amount of organic matter. I am, indeed, of opinion that we can 
never under any circumstances use the loss on ignition for estimating 
organic matter. 

However, we also find that the colloidal constituents occurring in 
the soil are not closely connected either individually or collectively 
with the combined water. Constituents of this kind are soluble 
Si0 2 , AL 5 O 3 , Fe a 0 3 , and the organic matter itself. Vax Bemmelen’s 
researches into changes in the water content of Si0 2 , A1 2 0 3 and 
Fe 2 0 3 gels showed that these gels retain or lose water according to 
the conditions of temperature and vapour tension. It is therefore 
incorrect to call the w^ater evaporable at a temperature exceeding 
105° C. chemically bound or combined water. It is not the same as 
water of crystallisation of crystalline compounds, which in the case 


TABLE XXIV 


Designation of 
the Soil. 

Loss 

on 

Ignition 

'<%)• 

Total 

Organic 

Matter 

(%)* 

Ghern. 

H„0 

(%}• 

Soluble 
Si 0 2 
.(%)•■ 

alo 3 

(%). 

Fe.A 

(%)• 

so 3 

(%)• 

St. 4. I. 

10-19 

5-91 

4-28 

7*39 

1*37 

3*05 

0*16 

„ 11 . 

5-30 

0-90 

4-40 

13*23 

5*13 

4*43 

0*05 

„ in. 

3-91 

0-35 

2-56 

15*85 

8*46 

1*67 

0*16 

„ IV. 

4-31 

0-09 

4-22 

3*84 

1*20 

0*99 

0*06 

Md. 52. S 4 

8-12 

2*09 

6*03 

5*52 

0*74 

Ml 

0*06 

„ 1 . . . 

2-64 

0-41 

2*23 

4*87 

1*03 

1*90 

0*09 

„ 11 . . . 

3-61 

0-29 

3*32 

14*35 

7-24 

1*56 

0*09 

„ III. 

2-21 

0*02 

2*19 

7*46 

2*18 

1*67 

0*02 

„ IV. .. 

2-61 

0*02 

2*59 

8*08 

4*88 

Ml 

0*04 

„ V. .. 

3-25 

— 

3*25 

9*69 

4*24 

0*61 

0*04 

Ct. 1. I. 

12-38 

7-98 

4*40 

! 5*96 

3*24 

2*14 

0*22 

„ II. 

7-32 

3*74 

4*58 

6*75 

3*95 

! 2-15 

0*14 

» III. 

6-10 

3-03 

3*07 

7*29 

3*23 

! 3*02 

0*06 

„ IV. 

1-06 

— 

1*06 

! 2*81 

1-17 

0-97 

0*14 

Ho. 2. I. 

5-94 

1 2-55 

3*39 

11*19 

: 7*87 

3*02 

0*14 

„ II. 

5*51 

1-53 

3*98 

5*88 

3*60 

1*95 

0*11 

„ HI- 

3*60 

0*51 

3*09 

3*70 

2*16 

1*85 

0*14 

„ IV. 

0*10 

— 

0*10 

0*75 

0*26 

M2 j 

0*15 

Va. 3 1. 

4*21 

; 1-31 

2*90 

10*55 

4*57 

! 3*51 

0*10 

„ II. 

4-95 

1-12 

3*83 

12*72 

6*86 

2*05 

0*14 

„ HI. 

3*78 

0-62 

3* 16 

11*15 

6*14 

1 2*62 

0*13 

„ IV. 

4*03 

0-19 

3*84 

1 

9*31 

5*41 | 

1*95 

0*08 

Md. 102. Ia. . . 

11*29 

I 3-86 

7*43 

7*32 

1*03 

3*70 

5*69 

„ Ib. . . 

16*74 

1*97 

14*77 

6*94 

0*76 

1*75 

22*27 

„ II. . . 

19*58 

i : 

0-73 

]— A ■■ 

18*85 

j 

1*16 

0*34 

!. 

0*16 

40*36 
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of gypsum, for instance, amounts to 2 molecules of B 2 0 . In soils 
we can only exceptionally expect to find water of crystallisation. The 
last soil profile in Table XXIY. is a gypsum soil in which the increase 
of S0 3 content is indeed accompanied by an increase of combined 
water. In most soils, however, very little gypsum or other compound 
containing water of crystallisation is found. 

The best thing to do, therefore, is to regard the difference between 
the amount of the loss on ignition and that of organic matter simply 
as “combined water” 

Interpretation and Importance of Conversion into Milligramme - 
Equivalents . — Other suitable criteria for the chemical characterisation 
of soils— in addition to the percentage composition of the hydro- 
chloric extract — are the absolute and relative (percentage) values of 
the milligramme-equivalents of the positive and negative constituents. 

Some time ago I suggested* that it would be expedient and opportune 
in the case of soils to abandon the older dualistic composition and 
adopt a method more in keeping with the present advance of chemistry 
for expressing the chemical composition of the hydrochloric extract. 
Since in soils the positive and negative constituents usually occur in 
a solid phase and not in solution, I originally used the terms positive 
or metal and negative or acid radicals. When we consider, however, 
that the chemical character of soil constituents varies according to 
whether they react as “ cations” or as anions” we are justified 
nowadays in speaking of the positive constituents as cations ” and of 
the negative constituents as “anions.” Even where the positive 
constituents occur partly, not in the form of well-defined mineralogical 
or chemical compounds, but in an absorbed state in the colloidal 
complex, it is more correct to speak of cations or positive elements, 
and anions or negative elements (or radicals) respectively than to speak 
of oxides or acid anhydrides that do not exist in soils at all. When 
GANSSExf suggested the molecular reconstruction of the soil composi- 
tion, he emphasised that the advantage of the molecular conversion was 
that this mode of expression suited both those who regarded the sili- 
cate complex dissolved in the hydrochloric extract as colloidal zeolites 
and. real chemical compounds and those who — like Stremme — con- 
sidered these colloidal complexes simply as irregular mixtures of Si0 2 
and AloOo. Today, however, according to Wiegner, the latter supposi- 
tion has been modified, it being held that the alumino -silicate acid gels 
figure as negatively charged nuclei surrounded by swarms of positively 
charged cations. Thus, in this case too, we use the cations — -not the 
oxides of the bases — for the purpose of interpretation. The only 
moot point is whether the A1 bound in the silicic acid nucleus has 
been precipitated as a positively charged A1 2 0 3 gel by the negatively 

* See Sigmond, Alexius A. J. de: “Introduction of a New Terminology in 
Indicating the Chemical Composition of Minerals and Soils” (Intern. Mitt. f. 
Bodenkunde, Voi. IX, 1912, Nos. 2-3). 

t See Cans (Ganssen), R.: Int. Mitt. Bodenk., Vol. III. (1913), p. 529. 
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charged Si0 2 gel, or whether the A1 — being partly an acidoid element 
(e.g. 9 in alu'minates) — entirely loses its positive character and in 
combination with the silicic acid forms a complex acid radical. We 
may expect the present rapid advance of colloid chemistry to clear 
up this question too, but until we have positive data w^e must presume 
the A1 to be a positive constituent, particularly as the relevant 
experiments so far available prove that the A1 2 0 3 and Fe 2 0 3 gels 
themselves are slightly positively charged. Colloid chemists also 
explain the precipitation of the Fe 2 0 3 gel by the Si0 2 gel as being 
the result of the coagulation of oppositely charged gels. The reason 
why I have felt impelled to deal with this question here is that 
Ganxsen emphatically stressed that the A1 2 0 3 found in the hydro- 
chloric extract was not a base, but was of acid character, and should 
therefore be placed not among the positive constituents (cations), but 
among the negative constituents (anions). We are, however, still- 
faced with the question as to what silicic acid radical should be used 
to express the soluble Si0 2 included in the hydrochloric extract. My 
original supposition that the silicate complex decomposed by hydro- 
chloric acid was derived largely from weathered silicates, the chief 
constituent of which might be presumed to be Si(OH) 4 , has apparently 
been corroborated by my discovery that artificial zeolites — unex- 
pectedly — also yielded an acid hydrate corresponding to Si(OH) 4 . 

Since, however, hot concentrated HC1 partly decomposes even 
some unaltered silicate, there can be no doubt that the silicic acid of 
the hydrochloric extract does not entirely originate from ortho -silicic, 
but partly from meta- and poly-silicic acids, though the different 
components cannot at present be determined. 

Another new value had to he introduced to meet cases in which the 
acid radicals found in soils were insufficient to counterbalance the 
equivalents of the cations. In such cases we obtain the so-called oxide 
residue by calculating the deficient equivalents as oxygen. 

The equivalents may be expressed in grammes or milligrammes. 
The latter method is better because we thereby avoid the use of 
fractions. If we add up the milligramme equivalents of the cations, 
we get the chemical equivalent of the A complex. In humid soils, for 
instance, this figure averages about 356 , and in arid soils about 715 . 

In carbonate soils this value may increase materially, even though 
they are not necessarily arid soils. In sandy soils, on the contrary, 
the A complex is small, consequently the sum of the milligramme 
equivalents is also very low r . However, when we take into con- 
sideration all these circumstances, the sum of the milligramme equivalents 
of the cations may serve to measure the relative amount of the A complex ; 
and it enables us to draw conclusions as to the degree of iveathering and 
leaching . For the latter purpose the percentage of the equivalents 
gives further evidence. 

Table XX. illustrates the above principles by direct examples. 
When we examine the cation-equivalent percentage of the average 
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composition of the American humid and arid, soils, we see first that, 
leaving out of account the relative amount of the manganese, the 
equivalent percentage of sodium is the lowest and that of aluminium 
is the highest. The equivalents of potassium ordinarily exceed those 
of sodium, though the opposite may happen also, depending partly 
on the leaching conditions and partly on the quality of the soil- 
forming silicates. Table XX. also shows that the sum of the mono- 
valent is usually less than that of the bivalent equivalents. This is 
due to the fact that the leaching-out of the former is usually much 
easier than that of the latter. Moreover, in the arid soils the sum of 
the equivalent percentages of trivalent cations averages about 75, 
while in the humid soils this average value exceeds 90. If, however, 
the parent rock of the soil is rich in CaC0 3 a correction has to he made 
in estimating the leaching of the mono- and bi-valent cations. 

2. The Chemical Characteristics of Soil Organic Matter. 

The organic matter of the soil has its origin in the decay of the 
dead plant or animal substances incorporated in various ways in the 
soil. The decay of the soil organic matter is induced by soil micro- 
organisms and is called humification, and the more or less dark- 
coloured product of these processes is called humus. Very often,- 
however, the whole amount of organic matter of the soil is regarded as 
humus. 

Theoretically, we may distinguish between the undecomposed 
original organic substances (such as carbohydrates, cellulose, hemi- 
celluloses, lignin, pectins, fats and waxes, proteins, etc.), on the one 
hand, and the real product of humification, humus in the narrower 
sense of the term, the exact chemical composition of which is not yet 
known, though some of its properties can be defined and characterised 
chemically. 

As the available methods do not enable us to determine exactly the 
total amount of organic matter in soils, we estimate it approximately 
by multiplying the total carbon content of the soil by the factor 1-724, 
corresponding to an average carbon content of 58 per cent, in soil 
organic matter.* The study of the humified part of the soil organic 
matter is very difficult because we have not yet been able to separate 
it in its original form from the non-humified fraction and from the 
inorganic part of the soil. The solvents (NH 4 OH, NaOH, Na 2 C0 3 , 
pyridine) which are supposed to dissolve the humified organic matter, 
or acetylbromide, which dissolves natural plant material, but leaves 
the so-called humus ” complexes in the soil intact, have been used 
by various workers for estimating the humus content of the soil. 
Waksmax and his collaborators, however, rejected all these methods 

* See Wolff, E. : Ztsehrft. anal. Chem., Vol. III. (1864), p. 85; Landw. Ver- 
suchsst. Vol. VI. (1865), p. 1.41; van Bemmelen, J. M.: Landw. Versuchsst., 
Vol. XXXVII, (1890), p, 271, 
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as unsuitable and quite recently proposed a new one by which we 
may determine the approximate chemical composition of the bulk of 
the soil organic matter.* * * § It may be noted also that Gedroiz| and 
Vernander and SokolowskyJ have suggested a method by which 
the soil is treated with neutral NaCl solution until the total humus 
is saturated with Na, the NaCl solution being then separated by 
dialysis from the dispersed humus. Though this method takes too 
long to make it convenient for analytical estimation, it separates the 
supposed £ 4 humus ” in a neutral solution, avoiding all chemical 
interchange during the separation. 

It is not easy today to decide which line of work is more rational. 
The study of the humus extracted by an alkaline solvent has a very 
rich literature and is very old.§ Grandeau proposed the term 
matiere noire, \\ as the name of the black substance extracted from the 
soil by an alkaline solution. According to Sven Oden, accepting 
some of the amendments suggested by H. J. Page, I f we may dis- 
tinguish the following fractions : 

Organic substances of the soil. 


Non -humified matter Humified matter 

(colourless). (coloured). 


Soluble in cold, Insoluble in cold 

dilute alkali dilute alkali 

(Huminic acids). (Humin, Ulmin subst., 
j Humus carbon). 


Soluble in water Insoluble in water 

(Fulvic acids, Creme acids). (Raw Humic acids). 


Soluble in alcohol Insoluble in alcohol 
(Hymatomelanie (Humic acid), 

acid). 

* See Waksman, S. A., and Stevens, K. R.: Soil Science, Vol. XXX., No. 2 
(1930), p. 97. 

t See Gedrqiz, K. K. : “ Der absorbierende Bodenkomplex.” Th. Steinkopff, 
Dresden-Leipzig, 1929, pp. ii, iii. 

t Vernander, N, B., and Sokolowsky, A. N.: Pap. Proc, I. Int. Congr. 
Soil Sei., Vol. HI. (1928), p. 367. 

§ Onto, S.: “ Die Huminsauren.” Sonderausgabe aus Kolloidchem. Beihefte, 
Vol. XL, 2nd Edition, 1922. Waksman, S. A.: Soil Sei., Vol. XXII. (1926), 
p. 123. Fuchs, W. : Kolloidztschr., Vol. LII. (1930), pp. 248 and 350; Vol. LIII. 
(1930), p. 124. Maywald, K. : “Grganische Bestandteile d. Boclens.’ ’ Blanck’s 
Handbuch cl. Bodenlehre, J. Springer, Berlin, Vol. VII. (1931), p. 113. 

II See Grande au, L. Recherches sur le role cles matieres organiques dans les 
phenomenes de la nutrition des plantes.” Nancy, 1872 ; further on, Compt. Rend, 
d. l’Aead. d. Sciences, Paris, Vol. XX. (1872), p. 988. 

II See Pace, H. J.: Journ. Agric. Sci., Vol. XX. (1920), p. 455. 
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The fi£ raw humic acids ” correspond roughly to the mature noire of 
Grandeaij. It should be noted, however, that the above-mentioned 
solvents hardly suffice to separate completely the given groups of 
organic matter. Keppeler has shown* that alkali-soluble carbo- 
hydrates such as xylan, arahan, and peetie acids are associated with 
the alkaline extract, and are not humified material. Fortunately, 
their amount in soils is ordinarily insignificant. On the other hand, 
a certain part of the humified organic matter, as we have seen, is not 
soluble in an alkaline solution. This part is thought to consist of 
modifications or anhydrides of the huminic acids and is called by 
various names in humus literature: humin, ulmin substance and 
humus carbon. If, however, we fuse this insoluble residue with alkali, 
we get the alkali salts of the so-called huminic acids . The carbon 
content of this humin material is roughly 65 per cent. 

The alkaline extract of the soil contains the hypothetical huminic 
acids. By acidifying the alkaline extract we get a brown slimy 
precipitate comprising the so-called raw humic acids , the acid solution 
being found to contain the water-soluble fulvic or crenic acids. The 
carbon content of the latter is, as a rule, less than 55 per cent., and 
much lower than of the hymatomelanic and humic acids. The fulvic 
acids are regarded by Sven Oden as a humified material of a lower 
grade than the hymatomelanic and humic acids, the humin or ulmin 
substances with their high carbon content being regarded as a further 
modification of the raw humic acids. 

If we treat the acid precipitate of the alkaline solution with hot 
alcohol, we get in the solution the fraction called by Oden hymato- 
melanic acid , with an average carbon content of 62 per cent., and the 
insoluble, so-called humic acid , with a carbon content of about 58 per 
cent. Oden regarded both acids as real chemical compounds of 
constant composition, while, on the other hand, he supposed the 
fulvic aeid fraction, as well as the humin fraction, to be mixtures of 
different organic compounds. Table XXV. includes some analytical 
data compiled from soil science literature by Maywaldj showing the 
chemical composition of various humus preparations. 

The figures given do not show the proportion of oxygen, which can 
be estimated by difference as about 30-40 per cent. The variations 
are too large to justify us in suggesting any empirical formula for the 
chemical composition. The nitrogen content also varies very con- 
siderably. OdenJ regards the nitrogen as an impurity and obtained 
pure fractions completely devoid of it. Other authors, however, assume 
that nitrogen is an integral component of the humic acids.. 

The solubility in alkali of the above acids may be regarded either 
as a true chemical salt-formation process producing water-soluble 

* See Keppeler, G. : Mitt. Ver. Fordg. Moorkult. in Dtsch. Reiche, Vol. 
XXXVIII. (1920), p. 3; see also Jhb. Landw., Vol. LXVIII. (1920), p. 53. 

f See May walo, K. : “ Org. Besfcandteile d. Rodens.” Blanch’s Handb. d. 
Bodenlehre, J. Springer, Berlin, Vol. VII. (1931), p. 163. 
t See Odi-sn, S.: ibid ,, p. 101. 
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alkali humates, or as a colloidal dispersion in an alkali solution. 
Oden’s arguments in favour of it being a true salt formation are as 
follows : * 

The degree of dissociation of a N / 10 ammonia solution is very low 
(about 5 per cent.), and its electrolytic conductivity is consequently 
much less than that of a fully dissociated ammonium salt solution of 
the same normality. If we add increasing quantities of N / 10 ammonia 
solution to equivalent quantities of humic acid suspension on the one 
hand, and on the other mix the same quantities of ammonia solution 
with corresponding quantities of distilled water, theoretically three 
kinds of reaction are possible : 

1. If there is no reaction between ammonia and humic acid, the 
conductivity of both solutions at equal ammonia concentrations should 
be the same, or nearly so. 

2. If the ammonia is absorbed by the humic acid, the conductivity 
of the humic acid suspension should be less than that of the aqueous 
solution. 

3. If, on the other hand, humic acid in suspension is a true acid, an 
ammonium salt solution will be formed, whose conductivity will be 
much greater than that of the aqueous ammonia solution. 

Oden found that the third reaction took place, proving that his 
humic acid preparation was apparently a true acid . Furthermore, lie 
determined also the equivalent weight of his “ pure 55 substances 
partly by conductometric, partly by potentiometric titration, f and 
obtained for his humic acid values of about 339 by conductometric 
and about 345-350 by potentiometric determination. Both values 
correspond fairly well to the equivalent weights 320-332, which he 
calculated from the chemical analysis of Ca and Ba humates. The 
corresponding value for hymatomelanic acid was found to he lower, 
about 250. 

On the basis of viscosimetric determinations AssakssonJ concluded 
that humic acid must he tetravalent, and would therefore have a 
molecular weight of about 1,350, It may he noted that similar values 
have been found by Samec.§ 

Waksman and his co-workers treat the humus question from an 
entirely different point of view. The fundamental idea of Waksman \s 
theory is the hypothesis that the bulk of humus-forming materials 
originates not from the whole organic matter of the soil, hut from the 
lignin and protein. “ The average chemical composition of the organic 
matter of six soils according to Waksman’s analyses*]} gave 43*27 per 

* See Oden, S. : ibid., p. 73. 

f See Oden, S. : ibid., pp. 85, 87, 89. 

J See Od£n, S. : ibid., p. 92. 

§ See Sam.ec, M. : Kell. Ztschrft., Vol. LI. (1930), p. 96. 

|| See Waksman, S. A.: Transactions of- the II. Comm, of the Inter. Soc*. 
Soil SeL, Budapest, 1929, Vol. A, p. 179. 

% See Waksman, S. A.., and Iyer, K. R. N. : Soil Sci., Vol. XXXIV, (1932), 
p. 47. 
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cent, lignin ( £ lignin-humus-complex 5 or 4 soil lignin ’), 33*81 per cent, 
protein or organic nitrogenous complexes, 11*02 per cent, water- 
insoluble carbohydrates (cellulose, hemicelluloses, etc.), and 2*77 per 
cent, ether and alcohol-soluble substances, thus accounting for 90*87 
per cent, of the total organic matter of the soil. Of the organic matter 
accounted for 78*08 per cent, was made up of two complexes, namely 
the protein and the lignin. The same is true of low moor and sedi- 
mentary peats* and of well decomposed manure. f We are justified 
in concluding that the humus of mineral soils, of well-decomposed 
peats, and of composts, consists predominantly of two chemical 
complexes, namely lignins and proteins, with an admixture of other 
substances such as fats and w r axes, cellulose and hemicelluloses, organic 
acids and alcohols ; the nature and abundance of these accompanying 
substances depend upon the nature of the plant and animal residues 
added to the soil or used in making the compost, upon the extent of 
their decomposition, and upon the conditions under which this decom- 
position takes place, such as reaction, moisture content, aeration, and 
temperature. Whether the two major complexes, namely the lignins 
and proteins, form one chemical complex in humus, or whether they 
exist independently, still remains to be determined.” I have quoted 
this part of the original publication to reproduce exactly the funda- 
mental idea of Waksman’s humus theory. In the same publication 
he reports experiments which tend to show that the lignin and protein 
fractions form the so-called 44 humus nucleus ” of the author in which 
apparently the two initial substances have certain chemical affinities. 
44 This may be looked upon,” we are told,J 44 as a more modern 
paraphrase of the earlier conception of c humus acids 5 on the one hand, 
and of 4 humus 5 and 4 crenic 5 or 4 fulvic acids 5 on the other ; or the 
more recent conception of 4 humic substances J on the one hand, and 
of 4 non-humic compounds ’ on the other.” 

The experiments made by Waksman and Iyer show that the lignin 
exercises a depressive effect upon the decomposition of proteins in 
pure and mixed cultures of micro-organisms, not owing to any toxic 
action of the lignin, but on account of a chemical interaction between 
the lignin and protein molecules. The same results have been obtained 
in our laboratory. § We found that the best results were secured by add- 
ing 40 per cent, casein to 60 per cent, alkali lignin in alkaline solution, and 
even then we could not recover more than 33-25 per cent, of the nitro- 
gen of the original casein. The rest was bound by the lignin complex. 

* See Waksman, S. A.: Amer. Jour. Sci., Vol. XIX. (1930), pp. 32-54. 

t See Waksman, S. A. and McGrath, J. M.: Amer. Jour. Bot., Vol. XVIII. 
(1931), pp. 577-581. 

t See Waksman, S. A., and Iyer, K. R. N.: Soil Sci., Vol. XXXIV. (1932), 
p. 48. 

§ See Kovasznay, R. : Lignin befolyasa feherjek bontasara.” Budapest, 1934. 
Inaugural dissertation for the doctor degree worked out in the soil laboratory 
of the University of Technical Sciences at Budapest. 

|| See loc. cit. above. 
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Waksman and Iyer have compared!) some characteristics of the 
lignin-protein complex with those of the a-humus prepared from soil 
by extraction with alkali and by precipitation with acid, and obtained 
the following results : 


a -Humus. 


Humus Nucleus or 
Ligno - protei nate. 


Nitrogen content 
Combination with bases . . . 
Solubility in dilute alkali 
solution 

Solubility in dilute mineral 
acids 

Oxidation by H 2 0 2 
Oxidation by acetyl bromide 
Decomposition by micro- 
organisms 


2-3 per cent. 

Combines -readily 
Soluble 

Insoluble 

Readily oxidised 
Only slightly oxidised 
Attacked with diffi- 
culty 


2-3 per cent. 

Comb ines read i ly . 
Soluble. 

Insoluble. 

Readily o x id i sed . 

Not fully oxidised. 
Attacked with difficulty. 


Influence on microbial pro- Favourable Favourable. 


cesses 


From these we see that the a-humus, which, .corresponds almost 
exactly to Gbandeau’s mailer e noire differs only in possessing more 
resistance to the oxidising action of acetyl bromide, the other charac- 
teristics of the ligno -pro teinatfe being practically the same as those of 
the a-humus. 

The authors also give a schematic representation of the mechanism 
of humus formation during the decomposition of plant residues in the 
soil ; as well as an approximate formula for the chemical condensation 
of the lignin and protein molecules. They note, however, that the 
exact chemical nature of the ligno-proteinate complex or humus nucleus 
remains to be studied; “ its nature varies with the nature of the lignin 
and proteins used, relative concentrations of these two substances, 
reaction at which precipitation takes place, relative concentration and 
nature of bases, degree of drying, and a number of other factors.’ 7 * 

Recently Andre ScHMUziOER,f and I. I. Theron and P. le R. 
van NiekerokJ have applied Waksman 7 s method for testing various 
soil profiles. Both papers contain some interesting results, but it is 
not the aim of this book to discuss these questions in detail. 

It will be seen that the humus question is still an open one. There 
are still many contradictions which have to be reconciled in this field 
of work; nevertheless, certain deductions can be drawn from it which 
are useful for the chemical characterisation of soils. 

The acid character of the product of humification is no longer 
doubtful, and the pedological role of soil humus is closely connected 
with this acid character. Its importance is much enhanced by the 

* See Waksman, S. A., and Iyer, K. R. N. : loc. cit p. 67. 

t -See Schmuziger, Andre: “Uber die Verteilung und den Chemismus der 
Humusstoffe in den Profilen einiger sehweizerischer Bodentypen,.’ ’ Promotioias- 
arfoeit, an d. Eidgenossi schen Teehn. H-ochsehule Zurich. Turbenthal, 1935. 

X See Theron, I. I., and P. le R. van Niekekk, South African Jo urn. of 
SeL, Vol. XXXI. (1934), pp. 320-346. 
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mobility of humus substances in soils. This enables these so-called 
“humic acids,” “ humus-nucleus,” etc., to take a very active part in 
soil leaching and accumulation processes, partly as chemical agents, 
partly as protective colloid material. The absorption phenomena 
of soils are also— as we shall see later on — quite closely connected with 
the acidoid character of these humic acids , and in this respect it is 
indifferent which of the above-mentioned theories proves to be correct. 

Besides, the total quantity of organic matter, its distribution in the 
soil, and the rate of humification have important effects on soil texture, 
and it Is therefore necessary to know the proportions of these organic 
substances. 

The total amount of organic matter can be roughly estimated by 
multiplying the total C content of the soil by the factor 1-72. It is, 
however, not so easy to select reliable methods of determining the 
rate of humification and decomposition of the total organic matter, 
or the quality of the products of humification. The determination 
of Gbandeau’s mature noire has recently been supplemented by 
Springer, who proposes some new terms and methods* which may 
compete with those of Waksman and his co-workers. In both cases 
there are many details open to criticism. If, however, we determine the 
0 content and N content of the alkaline humus extract of the soil by 
Hilci abb’s method as modified and applied by L. Kotzmann, f we may 
get an approximate estimation of the humified part of the soil organic 
matter resistant to microbial agents, yet representing chemically and 
physico-chemically the active part of the organic matter; for it is 
highly probable that in the absorbing complex of the soil the organic 
part is formed from this fraction. 

Note, — This section was contributed to the original Hungarian edition by 
L. Kotzmann, who was my assistant at that time, but since lie left this position, 
the literature on soil organic matter has increased materially and I have been 
obliged to rewrite the whole section. 

3. Characteristics of the Absorbing Complex (Humus-Zeolite Complex). 

The absorption phenomena of the soil have long been familiar to us 4 
In previous chapters we have seen that during soil formation — as a 
result partly of the humification of decayed organic substances and 
partly of the weathering of silicates— there comes inttf being that soil 
complex which Is the site of the most" important absorption phenomenon 
— viz., base-exchange or cation-exchange — and for that reason might be 
termed absorbing complex or, in view of its origin and composition, 
humus-zeolite complex .§ Van Bemmelen distinguished three kinds 

* Be© Springer, U, ; Ztschrft. Pflanzenernahr ung D ting ujjig u. Bodenkunde, 
Part A, Vol. XXII. (1931), p. 135; and in Soil Research, Vo| III. (1932), p. 39. 

f See Kotzmann, L.*. Mezog. Kutatasok, Vol. I. (1928), p. 21. 

t For a brief historical description, see Sigmondc Mathern. es. Term. Tud. 
Ert„, Vol. XLIII. (1926), p. 51. 

§ See Sigmon d : loc, cit. 
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of adsorption — purely physical binding (adsorption), purely chemical 
binding, and physico-chemical binding (absorption). Recent physico- 
chemical and more particularly colloid-chemical researches have shown 
that there is a similarity between purely physical and purely chemical 
adsorption. As a consequence, most scientists call all. adsorption 
phenomena adsorption, while the idea of absorption recommended by 
van Bemmelen to express physico-chemical adsorption is going out' 
of use, though there can be no doubt that it is far simpler to speak of 
absorption than of physico-chemical adsorption. So, where later on 
we speak of absorption or absorbing complex, the term will apply 
everywhere only to that group of adsorption phenomena the principal 
feature of which is base exchange. As we have seen, these exchange 
phenomena play a significant role in the processes of soil formation, 
though they have an equally characteristic effect upon the present 
dynamics and the probable future behaviour of the soil. 

The fact that the characteristics of the absorbing complex — which are 
easily definable chemically— -reproduce what are practically the past 
and the present dynamic conditions of the soil and allow us to foresee 
phenomena to be expected in the near future has made the absorbing 
complex a very important medium in soil dynamic researches — so 
important as to have led certain soil students to base their whole soil 
system on it.* However, before dealing in detail with the “humus- 
zeolite complex,” I must give a short description of the whole field which 
comprises it — i.e., of the general adsorption phenomena of the soil. 
Gedroiz, one of the scholars of recent years who have exhaustively 
studied these phenomena in soils, divided them into five groups — 
viz., (1) mechanical, (2) physical, (3) physico-chemical, (4) chemical, 
and (5) biological adsorption. 

Between the purely physical and the purely chemical adsorption 
we have the so - called physico -chemical adsorption, which van Bemmelen 
termed absorption. 

A common feature of all absorption phenomena is that their existence 
depends upon the presence in the soil of certain special materials. Thus, 
for example, quartz, apatite, calcium carbonate, gypsum and other 
well-defined mineral or chemical materials do not show absorption 
phenomena — or at most only mechanical, physical or chemical adsorp- 
tion. In the same way pure AI 2 (OH) (} , Fe 2 (OH) c and silicic acid gels 
do not show any reactions corresponding to absorption phenomena — 
i.e.. to base or cation exchange . These phenomena are not in evidence 
except in the presence of the so-called absorption complex. 

It is true, of course, that according to certain data found in soil 
science literature there are original minerals — silicates — that also 
show slight base-exchange properties; this being in every single -“case 
attributable to the presence of an absorption complex formed on the 
surface. It is very probable, however, that this does not apply to 

* See Gedboiz, K. K.: “Die Lebre vom Adsorptionsvermogeii der Roden” 
(Th. Steinkopff, Dresden and Leipzig, 1931). 
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natural zeolites or — possibly — even to the mineral compounds with 
crystalline structure recently discovered in the colloidal fractions. 
The absorbing complex may be regarded either as a chemical compound 
of a complex anion formed with various cations or — as we shall see 
later on — as the solid phase of a colloidal dispersion charged electro- 
negatively at the surface, though surrounded by an electropositive ring 
of ions. The positively charged part may be exactly determined and is 
well known; it consists of the absorbed cations. Our knowledge of 
the negatively charged complex is, however, rather deficient. 

The absorbing complex is formed partly from the humus substances 
produced during the decomposition of dead organic matter, partly 
from new substances produced by interaction of the constituents 
Si0 2 , A1 2 0 3 and Fe 2 0 3 formed during the weathering of silicates in 
the presence of various bases (GaO, MgO, K 2 0 and Na 2 0) or from the 
products left behind by the partial decomposition of the original 
silicates.* 

The former hypothesis that the inorganic part of the absorbing 
complex is nothing more than a simple mixture of Si0 2 , A1 2 0 3 and 
possibly Fe 2 0 3 gels is not valid, if only because the solubility of such 
mixtures in weak alkalies or acids is quite different from that of the 
soil absorbing complex. The formation of artificial zeolites shows that 
the Si0 2 and A1 2 0 3 precipitated as artificial zeolite from alkaline solu- 
tion have to some extent lost their solubility. Soils usually contain 
only very minute quantities of Si0 2 and A1 2 0 3 directly soluble in alkaline 
solutions, even where the absorbing complex is considerable. Accord- 
ing to Gedroiz only the so-called soloti.soils contain any considerable 
quantity of alkali-soluble Si0 2 . The so-called “ soluble ” Si0 2 is 
only the result of a previous decomposition by HC1. Of interest in 
this respect are the experiments made by Bradfield,| who separated 
from a subsoil the so-called colloidal clay, which is the nearest approach 
in composition to the absorbing complex, and determined the total 
amount of Si0 2 , A1 2 0 3 and Fe 2 0 3 present. He also prepared an artificial 
mixture of A1 2 0 3 , Fe 2 0 3 and Si0 2 , which had been carefully purified 
and mixed in the same proportions as in the clay ; he then treated both 
separately with HC1 and NaOH of the same concentration and deter- 
mined the dissolved substances. The results are shown in Table XXVI. , 
in which I. denotes the natural clay and II. the artificial mixture. 

The data given prove beyond a doubt that there is no similarity 
between the natural colloidal clay complex and a similar artificial 
mixture of the three components. Consequently, though this does not 
prove that the so-called colloidal clay examined by Bradeield consists 
of a single aluminium silicate, it is nevertheless clearly shown that it 
cannot be regarded either as a simple physical mixture of Si0 2 , A1 2 0 3 

* Bee Gedroiz, K. K.: “ Der aclsorbierende Bodenkomplex ” (Tli. Steinkopff, 
Dresden and Leipzig, 1929), p. 6. 

f See Brad field, R.: Journ. Amer. Soe. Agronomy, Vol. XVII. (1925), 
p. 256. 
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SiO a . 

A1 2 O s . 

Fe 2 0 3 . 

Composition of the original 
materials 

I. i 

59*1 

31*9 ; 

9*1 


ii. 

59*1 

31*9 

9*1 

Composition of the materials after 
treatment with : 

Concentrated HC1 

I. 1 

0*2 

31*6 

9*1 


n. 

Completely 

dissolved, or 

in colloidal 

5 per cent. HCJ 

I. i 

7-3 1 

solution . 
15-7 I 

3*8 


II. 1 

Completely dissolved. 

0*13 normal HC1 

I. | 

7-7 | 

5-8 1 

1*6 


ii. : 

A1 2 0;j and 

Fe 2 0 ;$ apparently dis- 

0* 1 3 normal NaOH 

i. 

solved, Si0 2 in colloidal solution. 

9-0 | 5-7 | — 


ii. 

A stable “ sol *’ -solution. 

1 per cent. NaOH 

i. 

13-3 

7*6 

— 

ii. 

33-6 | 

"! 

21*6 

— 


and Fe 2 0 3 gels. There must be some more deeply rooted combination 
which may indeed be partly physical in character and connected with 
the high dispersion of the colloidal fraction, but is undoubtedly due also 
to chemical interactions which differentiate this complex from the 
mixture of similar proportions of the pure colloidal gels. 

The electropositively charged part of the absorbing complex can, 
on the other hand, be much more precisely determined; for the mutual 
and equivalent exchange of cations enables us to exchange the whole 
quantity of absorbed cations and to determine the same both quanti- 
tatively and qualitatively. Of late soil science literature has been 
enriched with numerous valuable data on this point. The relevant 
fundamental principles were first definitely formulated in international 
soil science literature by Hissixk.* Hissink’s S -value, which repre- 
sents the total of the equivalents of the absorbed metal cations; his 
T-S-value, which gives the measure of the so-called unsaturation of 
the absorbing complex in H equivalents; and the V- value, which is 
the measure of the degree of soil saturation, are all fundamental 
values which, though known to earlier writers, were first exactly defined 
by Hissink. 

Hissink starts by assuming that the exchangeability of the bases 
enables us to determine with more or less certainty their amount, and 
that, since the bases are exchanged in chemically equivalent quantities, 
a calculation of the total equivalents of exchanged bases enables us to 
determine the quantity of equivalent metal cations absorbed in the 

* See Hissink, D. J. : Int. Mitt. Bodenk., Vol. XII. (1922), p. 81. 
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absorbing complex. This Hissink calls the S-value, a term which has 
already become an almost universally accepted term in international 
soil science literature, a fact which is eloquent proof of the correctness 
of the definition. But previously there had developed an opinion — 
particularly in connection with highly acid fen soils — that acid soils 
do not contain as many absorbed bases as their absorption capacity 
would enable them to absorb; meaning that chemically they may be 
regarded as similar to unsaturated compounds such as acid salts, which 
may be saturated by neutralisation with alkalies, forming neutral salts. 
The amount of bases corresponding to the maximum degree of satura- 
tion (expressed in chemical equivalents) Hissink calls the T-value, 
employing the formula T-S to denote the equivalents needed to saturate 
the soil completely. The fact that in Hissink’s studies the value T 
figures only indirectly is due to his not having originally had at 
his disposal any acceptable method for its direct determination. So 
Hissink first determined the S-value in soils and then by separate 
neutralisation the T-S -value, the sum of these being T, a value which 
Gedboiz called absorption capacity , and regarded, from the results of 
numerous experiments, as one of the most characteristic values of the 
absorbing complex, and a value which under normal conditions is 
permanent.* 

It is true, indeed, that we cannot determine this value with the same 
certainty as the S-value, though the determination of the latter is 
also not always exact, there being a variety of opinions as to which of 
the known methods gives the most reliable results. 

However, these principles may be defined as follows: the T-value 
(the absorbing capacity of the soil) expresses the maximum number of 
base and hydrogen equivalents — or of all cations — which the absorbing 
complex is able to take up, or chemically speaking the valency of the 
complex. 

Finally, Hissink expressed the degree of saturation (V) in percentages 
by the following formula : 

v -Sh?=W 1 «'4 100 - 

This shows the percentage of the equivalents of the absorbing complex 
saturated with metal cations. The V -value is therefore the measure 
of the saturation of the soil, or the complementary value of the 
unsaturation. For knowing the value of V, the degree of unsaturation 
is given by 100-V. For instance, if the coefficient of saturation 
V=70, then the coefficient of unsaturation will be 100-70 = 30. 
This means that 30 per cent, of the total capacity of the absorbing 
complex is occupied by l^drogen ions. 

Now let us examine the real importance in soil science of each of 
these values. 

A thorough study of the earlier literature dealing with base exchange 
* See Gedroiz, K. K.: op. cit . 
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shows that, while some investigators were of opinion that the base 
exchange conforms to the law of equivalents, others apparently 
found just the opposite. Assuming that the experiments were correct, 
the contradiction is only apparent and may be explained by the fact 
that there are soils not completely saturated with bases which, when 
treated with certain neutral salts, seemingly absorb a larger number of 
bases than corresponds to the total equivalents of the exchanged 
bases. If we treat an unsaturated soil (e.g., an acid forest soil) with 
a known quantity of NH 4 C1, and after determining the quantity of 
dissolved bases add up their equivalents and compare them with the 
equivalents of ammonia absorbed, we shall find that the equivalents 
of the absorbed ammonia exceed those of the exchanged bases. This 
was formerly taken to prove that this kind of soil absorption does 
not always follow the rules of chemical equivalence. Now we know 
that the excess absorbed ammonia originates owing to the ammonia 
dissociating hydrogen from the absorbing complex, the originally 
neutral salt solution becoming slightly acid owing to the presence of 
hydrogen ions equivalent to the excess absorbed ammonia. Practically 
the only part of the NH 4 C1 absorbed by unsaturated soils is the 
ammonia, hydrogen equivalent to the ammonia absorbed being set 
free in addition to the exchanged bases. The original Cl content of 
the ammonium-chloride solution does not change; but the hydrogen 
unites with the Cl to form hydrochloric acid which, being a strong 
electrolyte, is completely dissociated, the result being that the solution 
shows an acid reaction. However, if the soil was originally saturated, 
the amount of absorbed ammonia does actually correspond to the sum 
of the equivalents of the dissolved metal cations, as has recently been 
proved by the experiments of Gedroiz. Thus the exchange is in full 
conformity with chemical laws and may be expressed by the following 
equation : 

T. CaMg +4NH 4 -C1 ^rz>CaCl 2 +MgCl a +T. 4NH 4 . 

The arrows pointing in different directions denote that the reaction 
is reversible and consequently incomplete, i.e. we have here a mobile 
equilibrium varying according to the conditions — namely, (1) the 
concentration of the ammonium chloride, and (2) the ratio between the 
soil and the ammonium chloride. 

There is another striking feature of the exchange reaction which must 
be emphasised — viz., that it is almost instantaneous. This phenomenon 
is attributable to the fact that the reaction takes place on, and is 
confined exclusively to, a relatively large surface. Gedroiz, for 
instance, states that the amount of CaO dissolved from a soil in a minute 
is the same as that dissolved in 30 days.* In practice this means that 
the exchange equilibrium may also be attained during the time required 
for a salt solution to percolate through the soil, and that repeated 

* See Gedroiz, K. K. : op. cit., p. 360. 








percolations will in certain cases cause complete base exchange. 
If a salt solution is continually percolated through a soil, all the bases 
are exchanged in a comparatively short time. 

Gedroiz experimented with many different salt solutions, and 
showed that the soil may by exchange take up any metal cation and 
ultimately absorbs the same number of equivalents of each. This 
proves that the capacity of the absorbing complex of the soil is a constant . 
Such one-sidedly saturated soils have been prepared by Kotzmann, 
who has found that calcium soils, for instance, behave physically 
quite differently from sodium soils.* The exchange energy of the various 
cations also shows considerable divergence. This energy Gedroiz calls 
adsorption energy, ^ • 

Here again I must refer to Gedroiz’s data, which illustrate this 
matter from all points of view. Gedroiz prepared with BaCl 2 an 
artificial barium soil with which experiments were carried out under 
absolutely similar conditions; in each case 10 grammes of barium soil 
were subjected for two days to the action of 100 grammes of 0*1 normal 
salt solution, the quantity of Ba in the solution being then determined. 
By simple multiplication the equivalents absorbed or exchanged 
could then be calculated (see Table XXVII.). 



TABLE XXVII 


Salt Solution. 


Exchanged Ba in 
Percentage of the 
Soil. 

Corresponding mg 
Equivalents. 

LiCi 


0-522 

3-8 

(NH 4 )C1 . . 


0-886 

6-5 

NaCl • . . 


0-625 

4-5 

KC1 . . 


0-932 

6*8 

RbCl 


1-062 

7-8 

MgCl 2 


1-058 

7-7 

CaCl 2 


1*400 

10-2 

CdCl 2 


1-505 

110 

Co Cl 2 


1-545 

11-3 

A1C1, 


2-291 

16-7 

FeCl 3 


2*492 

18-7 


The above data show that the cations differ greatly in respect of their 
exchange or adsorbing energy , which increases on the one hand with the 
valency and on the other with the atomic weight of the cations. For 
instance, if we compare the increase in the atomic weight of the mono- 
valent cations with their absorbing energy, we see that, except in the 
case of NH 4 , increase of atomic weight is accompanied by an 
increase of the absorbing energy. Ammonium is to a certain extent 
an exception, as it stands second only in respect of molecular 
weight, but its energy exceeds that of sodium and stands quite close 

* See Kotzmann, L.: Mezogazd. Kut. (Agricultural Researches), Vol. V. 
(1932), p. 427. 



CHEMICAL PROPERTIES OF SOILS 117 

to that of potassium. In the case of bivalent cations the absorbing 
energy of Mg is slightly less even than of Rb but is decidedly greater 
than of K, though its atomic weight is far less than that of K and 
approximates that of Na. But the absorbing energy of Ca is far greater 
than of any monovalent metal cation, Cd and Co are of no particular 
importance in soil science. But the great absorbing energy of A1 and 
Fe — a circumstance primarily due to their trivalence — is noteworthy. 
These phenomena originate from the differences in intensity with which 
water molecules are attracted by the cations. According to Ramann 
and Wiegner the absorbing energy increases in proportion to the 
decrease of hydration of the ions. Thus the absorbing energy increases 
as shown in the lyophile series of cations. The only exception is 
hydrogen, the absorbing energy of which is higher than of all other 
cations. Gedroiz, for instance, determined the amount of barium 
exchanged from tshernosem saturated with barium after treatment with 
0*01 normal NaCI, CaCl 2 and HOI. 

NaCl 0*041 per cent. BaO calculated to the soil. 

Ca01 a 0*165 „ „ „ „ „ „ 

HC1 0*706 „ „ „ „ „ „ 

These data show that under the given circumstances the adsorbing 
energy of the II ions is 17 times as great as that of the Na ions and 
4 times as great as that of the Ca ions. Ramann studied the effect 
and equilibrium of mixed salt solutions, but his investigations were 
never finished.* 

On the basis of the absorbing complex we may distinguish between 
saturated and unsaturated soils. Saturated soils are those in the 
absorbing complex of which all valencies are occupied by metal cations, 
or, in other words, those in which the absorbing capacity is completely 
occupied by metal cations. Unsaturated soils, on the other hand, are 
those in the absorbing complex of which the metal cations are partly 
replaced by hydrogen. In nature, however, we do not find the working 
of such strict rules. 

This is particularly true when different methods are employed to 
determine unsaturation. Some years ago di G-leria and the present 
writer showedf that different degrees of unsaturation are obtained 
according to the method employed. At that time we found conducto- 
metric titration to be the best method; but even this procedure made 
the Hungarian tshernosems appear to be unsaturated. This anomaly 
is to be attributed to the fact that in the case of saturated soils conducto- 
metric titration is not very reliable, giving too high values of un- 
saturation. Recent investigations carried out by M Gleria and 

* See Ramann, E.: Zeitschrift anorg. allg. Chem., Vol. XCV. (1916), 
p. 115; Yol. CY. (1918), p. 81; Vol. CXIV. (1920), p. 90; Act, XV. Confer. 
Intern. Pedologie, Rome, Vol. II. (1924), p. 383. 

f See Sigmond, E., and di Gleria, J.: Math, es Term. Tud. Ert. (Mathe- 
matics and Natural Science Transactions), Vol. XLIV. (1927), p. 535. 
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Kotzmaxn have shown that it is better to employ the ammonia 
absorption method to determine the unsaturation — i.e., the U -value. 
This procedure has, indeed, shown that there is not more than 1-2 per 
cent, of H equivalents in the complex of saturated steppe soils, the 
slight deviations being due to defects of the experimental method.* 
This may be seen from the data in Table XX' VIII., which contains 
the relevant values of two typical profiles of Hungarian tshernosems. 
For the sake of comparison the Table shows also the values obtained 
by conductometric titration. 


TABLE XXVIII 





Degree of Unsatura- 

Degree of Unsatura - 

Soil. 


tion titrated conducto- 

tion determined by 


■ 

S 


metrically . 

Ammonia Absorption. 



(His sink). 








! Depth 

1 (cm.). 



Hydrogen 



Hydrogen 

■ ■ 

Name. 

■ ■ 

T-S. 

T. 

Equivalent 

U. 

T. 

Equivalent 





(Per Gent.). 



(Per Cent.). 

m 

£ 

f 0-30 

21*55 

6-12 

27-67 

22*12 

0*4 

21*95 

1*82 

Q 

30-60 

15*90 

4-36 

20*26 

21*52 

0*3 

16*20 

1-85 

' 1 

60-90 

15*58 

3-22 

18*80 

17*13 

0*1 

15*68 

0*63 

O 

t>3 

90-120 

16*67 

2*42 

19*09 

12*68 

0 

16*67 

0 

£ 

120-150 

9*01 

1*92 

10*92 

17*49 

0 

9*01 

0 


( 0-30 j 

17*80 

2-89 

20*69 

; 13*97 

0*2 

18*00 

Ml 

_<§ i 

1 30-60 

16*56 

2*60 

19*16 

i 13*57 

0*2 

16*76 

1*19 


60-90 1 

14*24 

2*33 

16*57 

1 14*06 

0*2 

14*44 

1*38 

o , 

90-120 
i 120-150 

13*46 

1*98 

15*44 

12*82 

0 

13*46 

0 


9*50 

1*06 

10*56 

10*04 

° ! 

9*50 i 

0 


In the absorbing complex of unsaturated soils, on the other hand, 
the H plays a leading part, and its relative quantity — expressed in 
equivalent percentage of the T complex — is usually far in excess of 
1-2 per cent. A few examples of this in some Hungarian soils are 
shown in Table XXIX. 

In both saturated and unsaturated soils the Ca cation usually pre- 
dominates over the other metal cations. This may be seen best when 
we express the exchangeable metal cations in equivalent percentages 
(S) of the total number of metal cations, as in Table XXX. 

The data given show that in the upper horizons the Ca cations are 
far in excess of the other metal cations. Next in order is Mg, while 
in the upper horizons the alkalies (K and Na) usually play a very sub- 
ordinate part. Gedboiz is of opinion that owing to the trifling quantity 
in which they are present the latter may be entirely ignored. However, 

* See di Gleria, J., and Kotzmann, L. : Mezogaz. Kut. (Agricultural 
Researches), Vol. V. (1932), p, 270. 
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TABLE XXIX 


Degree of Umatura- Degree of Urt satura- 
tion* tion titrated conducto- tion determined by 

g metrically. j Ammonia Absorption . 


Name . 

Depth 
(cm . ). 


T-S. 

T. 

Hydrogen 
Equivalent 
(Per Cent. ). 

U. 

T. 

Hydrogen 
Equivalent 
(Per Cent.). 

hjf *>s 
*© © 


0-30 

6-3 

9-6 

15*9 

60*38 

4*8 

11*1 

43*24 

> pd 

® 

*0 o 

.g 4 


30-60 

14-8 

14*9 

29*7 

50*17 

5*9 

20-7 

28-50 


150-180 

13*4 

3*4 

16*8 

20*24 

0*5 

13*9 

3*59 


> 

0-30 

58*70 , 

38*70 

97*40 | 

| 

39*73 ! 

47*9 

106*60 

44*93 



30-60 

35*60 

13*75 1 

49*35 i 

27*86 

7*4 

43*00 

17*21 

o * 


60-90 ! 

29*99 ; 

io*6i : 

40*60 1 

26*13 

3*9 

33*89 

11*51 

w « 


90-120 

29*53 

10*21 : 

39*74 

25*69 

3*5 

33*03 

10*59 



120-150 

29*21 ; 

9*40 

1 

38*61 

24*54 ! 

3*2 

32*41 

9*87 


TABLE XXX 


Soil . 

S. 

(His sink). 

mg. Equivalent, in Per Cent, of S. 

Name. 

Depth 

(cm.). 

Ca. 

Mg. 

K. 

Na. 

' ' 

0-30 

21*55 

86*64 

11*19 

0*79 

1*48 


30-60 

15*90 

76*10 

19*18 

1-64 

3*08 

Mezdhegyes . . 4 

60-90 

15*58 

49-55 

44-99 

2-05 

3*41 


90-120 

16*67 

23*51 

66*05 

2*46 

7*98 

l 

120-150 

9*01 

21*65 

59*60 

4*77 

13-98 


0-30 

17*80 

81*69 

10*17 

7*47 

0*67 

f 

30-60 

16*56 

80-62 

11*35 

4*77 

3*26 

Gyula , . . . J 

60-90 

14*24 

59*76 

23*18 

10*04 

7-02 

1 

90-120 

13*46 

8*55 

55*65 

26*67 

9*13 

i 

120-150 

9*50 

— . 

59*79 

27*16 

13*05 

/ 

0-30 

58*70 

83*03 

12*77 

2*16 

2*04 


30-60 

35*60 

84*77 

12*42 

1*40 

1*41 

Kotus soil . . 

60-90 

29*99 

78*53 

17*53 

- 1*47 

2*47 

1 

90-120 

29*53 

75*76 

20*79 

1*25 

2*20 

i 

120-150 

29*21 

75*80 

21*88 

| 0*72 

1 ■ 

1 1*60 


investigations made in Hungary and elsewhere prove that we cannot 
ignore the exchangeable potassium , which indeed plays a very important 
role as a plant nutrient. In acid unsaturated soils exchangeable A1 
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and Fe are also quite frequent, but their role and importance have not 
yet been clearly defined, nor do we yet know exactly to what their 
presence is ultimately due. 

Before proceeding, it will be well to discuss shortly why in the above 
cases calcium came to play a leading role among the cations in the 
absorbing complex, as also why the unsaturated soils contain so much 
hydrogen. 

From Gedeoiz’s experiment we have learned that the absorbing 
energy of H is four times as great as of Ca. Consequently, were the 
ion concentration of the H and Ca in the soil solution the same,- the 
H would undoubtedly prevent the Ca from entering the complex. 
But the H-ion concentration of the soil solution is very low so long as 
the soil reaction is neutral or slightly alkaline. This is true of steppe 
soils which are normally calcareous in origin and contain sufficient Ca 
to maintain the neutrality of the medium; hence the concentration 
of the Ca ions is far greater than of the H ions, and only a very small 
amount of H is able to enter the absorbing complex. However, as 
soon as the bases of the soil have been leached to an extent enabling 
the energy of the H ions to assert itself, the soil solution becomes acid 
and more H ions penetrate into the absorbing complex. The con- 
centration of the H ions may be considerably increased by the C0 2 
and the so-called humic acids produced during the decomposition of 
organic matter. It is true, indeed, that even in strongly leached soils 
the concentration of H ions never exceeds that of the metal cations, 
but the superior absorbing energy exerted by the H ions enables 
them notwithstanding to assert themselves. If this were not so, there 
could never be any metal cations at all in the absorbing complex of 
acid soils. Nor must we forget that while on the one hand the de- 
composition of organic matter increases the concentration of H ions, 
on the other hand chemical weathering of mineral materials produces 
many metal and OH ions, thus lowering the concentration of the H ions. 

Probably the A1 and Fe ions enter among the exchangeable cations 
as the result of the zeolitic part of the absorbing complex becoming 
slightly decomposed in presence of a high concentration of H ions; 
in this way A1 and Fe ions may enter the soil solution and as a conse- 
quence of their high absorbing energy may be taken up by the absorb- 
ing complex in the form of positively charged metal cations.* In 
a slightly alkaline medium, however, the A1 and Fe ions are precipi- 
tated as hydroxides, for which reason A1 and Fe are never found among 
the exchangeable bases of steppe soils. 

In the upper horizons the Na cation usually plays only a subordinate 
role, possessing as it does a smaller absorbing energy than any other 
of the absorbed cations present in the soil. However, where there are 
obstacles impeding the process of leaching, sodium may accumulate 
in the lower horizons even of steppe soils, while in alkali soils it 
actually plays a decisive role in the upper horizons also. 

* Cf. Kappen, H. : “ Die Boclenaziditat ” (J. Springer, Berlin, 1929). 



121 


CHEMICAL PROPERTIES OF SOILS 

Table XXXI. shows the proportions of the exchangeable cations 
found in various Hungarian and other soils (the data are partly the 
hitherto unpublished results of researches made by Arany). 

In certain cases we find Mg cations accumulating in addition to Na. 
We do not yet know the exact circumstances governing the accumula- 
tion of Mg, and it would be premature to discuss the separate pedo- 
logical properties of Mg soils. On the other hand, we are perfectly 
familiar with the special properties of Na soils, which constitute a group 
of their own. 


TABLE XXXI 


Origin of the Soil. 

Depth 

(cm.). 

1 

S. 

Exchangeable Cations in Percentage 
of the S- value. 




Ca. 

Mg. 

K. 5 

Na. 

( 

0-30 

5-75 

36-2 

6-2 

57*6 

Fresno, Cal. 19 . . - 

30-60 

60-90 

5-87 

619 

49-9 

54-8 

1-5 

1-3 

48*6 

43*9 

l 

90-120 

6-70 

. 

56*4 

■ 

1-5 

42*1 

r 

0-30 

4*98 

27*7 

9-2 

63*1 

Fresno, Cal. 17 . . J 

30-60 

60-90 

5-20 

5-21 

4o-2 

57-4 

4-0 

1*9 

50*8 

40*7 

l 

90-120 

5-10 

55-1 

— 

44*9 

( 

! 0-30 

| 5-42 

2-2 

12-9 

27-9 

57*0 

Ujfelierto, 312 . . . . j 

| 30-60 
! 60-90 

3*97 

12-63 

2-5 

0-9 

9-1 

9-2 

46*3 

12*0 

42*9 
s 77*9 

Puspoklad&ny, 398 , „ j 

0-5 

| 5-10 

19-74 

21-67 

5-6 

2-3 

13-2 

5-5 

3-4 

2*1 

! 77*8 
90*1 

R6kescsaba, 5 . . 


39-20 

42*4 

19-7 

0-7 

37*2 

Hortobagv 

j . 

19*7 

26-0 

13-9 

4-3 

: 55*8 


Experiments have shown that we may find genuine Na soils even 
among littoral salines.* 

In the preceding section I have endeavoured to characterise more 
fully the three main types of absorbing complex known to us — viz., 
those of saturated Ca soils, of unsaturated H soils and of alkali Na 
soils. 

If we wish to estimate the character of a soil w^e cannot afford to 
ignore the quantity and stability — or the factors governing the de- 
composition — of its absorbing complex. Eor the present, indeed, we 
have no reliable method of determining exactly the quantity of the 
absorbing complex, but the T-value of the complex — i.e., the absorbing 
* See Hissink, D. J,: Int. Mitt. Bodenk., Yol. XII. (1922), p. 81. 
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capacity of the soil — must be proportional to the quantity of the active 
part of the complex. 

From what has been said in this chapter it is evident that the 
chemical composition of the absorbing — or humus-zeolite — complex 
is of great help in characterising soils. The instantaneous character 
of base exchange makes tjye cations the most reactive constituents 
of the soil’s solid phase. * These are the constituents which practically 
determine and reflect the dynamic character of the soil. Stebutt makes 
the quantity and quality of the humus-zeolite complex the basis of the 
whole dynamic system of the soil, and classifies his types of soil 
formation accordingly. Gedroiz’s system is indeed to some extent 
different, but he too classifies the known soil types on the basis of the 
chemical composition of the absorbing complex. 

4. Laws of Apolar and Polar Adsorption. 

(Contributed by Dr. John di Gleria.) 

From a colloid-chemical point of view we may distinguish between 
apolar and polar adsorption processes intervening between the solid 
and liquid phases. Adsorption is apolar when the adsorbent adsorbs 
whole molecules out of the solution. This category includes also the 
cases in which the adsorbent adsorbs the molecules of the solvent. 
On the surface of contact between two substances the conditions 

differ entirely from those prevailing inside. 
These surface reactions w r ere observed long 
ago and were called adhesion . Adhesion 
phenomena are due to the circumstance 
that, while in the interior of homogeneous 
substances the molecular forces are in 
equilibrium, on the surface part of those 
forces acts freely and operates outwards 
(in the direction of the second phase) as 
an attractive or repulsive force. Recent 
investigations show that the origin of these 
forces is the electric charge located on the 
surface of the atoms, the resultant force 
being bound inwards but able to assert 
itself freely in the direction of the second phase. LXFig. 8 shows 
the sphere of energy of a particle electrically charged. 

The arrows denote the lines of energy of the electric field. When 
a substance charged oppositely enters an electrically charged field of 
this kind, it remains bound on the surface, neutralising a part of the 
charge and reducing thereby the particle’s sphere of energy. This 
kind of adsorption is called polar adsorption. The conditions are, 
however, different when the electric sphere of energy is entered only 
by electrically neutral molecules. In this case, since the neutral 
molecules have no free electric charge, the causes of the adsorption 
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are closely connected with the structure of the. molecules — with what 
is called' the dipole moment of the molecules. This form of adsorption 
—in which electrically neutral molecules are bound on the surface of 
electrically charged particles — is called apolar adsorption . In an 
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Fig, 9. 



Fig. 10 . 


electric field not containing lines of electric energy the atoms of 
the water molecules are orientated as shown in Fig. 9. 

The effect of the electric sphere of energy is, however, to deform 



Fig. 11 . Fig, 12 . 

the water molecule, the two positively charged hydrogen atoms 
approaching one another and turning towards the surface of the 
negatively charged particle, while the molecule turns in the direction 
of the lines of energy, as shown in Fig. 10. 
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The deformation of the water molecules increases in direct pro- 
portion to the negative charge of the partkle and in inverse propor- 
tion to the distance between the water molecule and the surface of 
the particle. The deformed molecule figures as a dipole , the measure 
of the attraction exercised upon it by the electrically charged particle 
depending upon the measure of the deformation. This is valid 
only when the soil takes up the water in the form of vapour. In 
this case the water may be regarded as monomolecnlar gas. The 
bimolecular structure of water in a liquid state is due to the dipole 
moment of the water molecules, which are so close to one another 
that the charge of the oxygen and hydrogen atoms of one molecule 
affects the other, the result being that instead of the monomolecular 
H-O-H arrangement supposed to exist in vapour the water assumes a 
bimolecular form as follows — 


HN >o 

H/L 
0< 


and the molecule figures as dipole. Two dipoles with opposing poles 
adjacent form a double molecule. Water in the liquid state consists 
of double molecules, the probable arrangement of which in a field 
not charged electrically is shown in Figs. 11 and 12. 

Conditions are different, however, when an electrically charged 
particle enters water in a liquid state. For in that case the charge 
of the particle produces a denser and more compact water shell round 
the particle, the probable structure of this shell being shown in Fig. 12. 
The apolar adsorption of dissolved materials in dilute solution may be 
calculated from the empirical formula first employed by Boedecker,* 
— viz., 

x—kxa*. 


where x denotes the quantity of matter actually adsorbed by 1 gramme 
of adsorbent, a the initial concentration of the adsorptive, k and n being 
constants. According to the above equation there is a logarithmic 
correlation between the initial concentration of the adsorptive and the 
quantity adsorbed. Later, FREUNDLiCHf modified the equation, 
replacing the initial concentration of the adsorptive by the con- 
centration in a state of equilibrium. Freundlich’s formula is as 
follows : 

i 

x—kcp 9 


x denoting the quantity of the adsorbed material and c the equilibrium 

* See Boedecker, C. : Journ. f. Landw., Vol. VII. (1859), p. 49. 
f See Freundlich, H. : “ Kapillarchemie,” 2nd Ed. (1909), Dresden and 
Leipzig (Th. Steinkopff). 


CHEMICAL PROPERTIES OF SOILS 125 

concentration of the adsorptive, k and - being constants. ' In con- 

P 

nection with apolar adsorption — in addition to the logarithmic iso- 
therm referred to above — the two following isotherms are also in use. 
Wolff’s empirical isotherm is as follows:* 


x denoting the quantity of adsorbed material, c the equilibrium con- 
centration of the adsorptive, k v k 2 and \ being constants. 

The formula of Langmuir*}- is the following : 

cxa 

*~l+-p : xcV 

x denoting the quantity of adsorbed material and c the equilibrium 
concentration of the adsorptive, ot and (S being constants. With 
apolar adsorption we do not always get a maximum, in which case 
the values obtained are far more in keeping with the Fbbundlioh 
than with the Langmuir adsorption isotherm. Apolar adsorption 
processes are phenomena similar to reversible additive chemical 
processes. Table XXXII. shows the Ra(OH) 2 adsorption of carbo 
raffin (active carbon). 


TABLE XXXII 


Milligramme 
Equivalents of 
Ba(OH) 2 found 
in Solution 
after Adsorp- 
tion. 

Adsorbed Ba(OH) 2 in Milligramme Equivalents . 

Found by 
Experiment . 

Calculated by — ■ 

Freundlidi s | 

Formula. 

Langmuir's 

Formula. 

0-005 

9-9 

10-02 

10*11 

0-250 

15-0 

14-48 

15*98 

0-695 

16-1 

15*94 

16-11 

1-175 

16*5 

16-75 

16*14 

1*665 

17-0 

17-31 

16*15 


The quantity of adsorbed material has been calculated according 
to the formulae of Freundlich and Langmuir. $ As will be seen, 
* See Wolff, G. O.: Landw. Ztg. f. Nord u. Mitteldeutschland, Berlin 
(1859). 

f See Langmuir, I.: Journ. Amer. Chem. Soc., Vol. XXXVIII. (1916), 
p. 2221; Vol. XL. (1918), p. 1361. ^ 4 

X See di Gleria, J. : Verh. d. II. Ivomm. Int. Bodk. Ces., Budapest, 
Vol. A (1929), p. 59. 
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there is a fair agreement between the values actually foijnd and the 
calculated values. 

Apolar adsorption is caused by the unbalanced molecular energy 
acting on the surface. The dimensions of the sheaths of the apolarly 
adsorbed molecules may vary. These sheaths — the concentration of 
which differs from that of the main part of the solution — are called 
the lyosphere . The structure of this lyosphere varies according to 
the properties of the adsorbent. The degree of the adsorption of the 
solvate layer — in the case of water the hydrate layer — by the adsorbent 
depends upon the composition of the latter. In the case of the so- 
called emulsoid colloids the solvate (hydrate) layer acts as a sheath 
surrounding the colloid particle, impenetrable by the solute molecules 
or ions. On the other hand, in the case of the so-called suspensoid 
colloids the solvate (hydrate) layer is not so dense, for the solute mole- 
cules or ions are able to pass through it. To this difference in structure 
of the solvate layer are due the peculiarities which differentiate the 
emulsoids or reversible colloids from the suspensoids or irreversible 
colloids. The emulsoid colloids are also called solvatocratic (hydro - 
cratic) or lyophile (hydrophile), the suspensoid colloids electrocratic or 
lyophobe (hydrophobe). These terms mean that in the case of emulsoid 
colloids, where the colloidal character is determined by the solvate 
layer, the particles show outside either no electric charge at all or 
only a very slight one and are not coagulated by the action of electro- 
lytes. On the other hand, in the case of suspensoid colloids, where 
the colloidal character is determined by the electric charge of the 
particle, the particles are readily coagulated by the action of electro- 
lytes. xn the case of emulsoid colloids the charge of the particles 
is latent, but by warming or adding pure alcohol the structure of the 
solvate layer is loosened, the colloids then coagulating irreversibly 
on adding electrolytes. The transformation of the solvate layer 
converts the emulsoids into suspensoids, the nature of 'the colloids 
depending upon the electric charge on the surface of the particle. 
From what has been said it will be seen that there is no difference 
in principle between emulsoids and suspensoids; the differences 
apparent at ordinary temperature are only the results of differences 
in structure of the solvate layer. 

In soils we find both suspensoids sensitive to electrolytes, such as 
aluminium hydroxide, ferric hydroxide and silicic acid, and hydrated 
emulsoids, such as humus. All the processes taking place during 
soil formation — e.g., the movement and accumulation in the several 
horizons of silicic acid, aluminium hydroxide, ferric hydroxide and 
humus — can be explained as due to the colloidal condition and 
peculiarities of these materials. 

By polar adsorption w^e mean that kind of adsorption in which not 
whole molecules but electrically charged ions are adsorbed; or rather, 
where oppositely charged ions are present, and one is more adsorbed 
than the other. Since the law of electric neutrality demands the 
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replacing of the adsorbed ion by another ion, in polar adsorption an 
ion equivalent to the ion adsorbed from the surface of the adsorbent 
must pass into the solution, for which reason polar adsorption is also 
called exchange adsorption . 

When no exchangeable ion is present on the surface of the adsorbent, 
one will be released by secondary chemical reaction from the medium 
itself. For instance, if we mix neutral solutions of sodium sulphate 
and barium chloride in different quantities, the solution resulting is 
either alkaline or acid according to whether the sodium sulphate or 
the barium chloride is in excess, the solution resulting when the 
quantities of both are equivalent being neutral. The explanation 
of this phenomenon is that with an excess of electrolytes the electric- 
ally unbalanced barium or sulphate ions present on the surface of 
the barium sulphate precipitate adsorb from the solution that ion 
which helps them to form a less soluble compound. With an excess 
of sodium sulphate the positively charged barium ions on the surface 
of the precipitate adsorb the negatively charged sulphate ions con- 
tained in the solution. As a consequence of the adsorption, sodium 
ions equivalent to the adsorbed sulphate ions react with water and 
set free an equivalent quantity of hydroxyl ions, resulting in the 
liberation of an equivalent amount of hydrogen ions. The hydrogen 
ions thus set free are adsorbed by the sulphate ions present on the 
surface of the precipitate. Thus the solution becomes alkaline. 
With an excess of barium chloride the barium ions and the hydroxyl 
ions resulting from the secondary action are adsorbed on the surface 
of the particles, the solution being enriched by hydrogen and chloride 
ions equivalent to the adsorbed barium ions. In this case the reaction 
of the solution is, acid. The processes of reaction are shown in the 
following equations: 


Ba | 
S0 4 
Ba 
SO, 


I 

Ba j 

+ 2nNa+ + nS 0 4 — + 2nHOH ~ 

so 4 


so 4 

H 

H 

80 4 + 2»Na++2n0H- 

H 

H 


Ba 

SO, 

Ba 

S0 4 



OH 

OH 


+ nBa++ + 2-nCl- + 2/iHOH 


— ->S0 4 

« Ba 

S0 4 


OH + 2hH+ -r 2nCl" 

OH 

Ba 


Polar adsorption is a process similar to a chemical interchange 
reaction ; the course of the process may be expressed mathematically 
by the isotherms used in the case of apolar adsorption. It is usual 
to employ the following equations for polar adsorption — in addition 
to the apolar adsorption isotherms referred to above: 
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Wiegner isotherm :* 

Rothmund-Korneeli) isotherm 

» -Tci^y. 

U~x~~‘ \x) 

Vageler isotherm : J 

Sa 


a + C 

111 the above equations x represents the quantity of the adsorbed 
ions, c the concentration in equivalents of the adsorbed ions, a the 

initial concentration of the adsorbed ions, k 9 S, U, and C being 

p 

constants. Table XXXIII. contains data by Weiss, § who studied 
the validity of the most important adsorption isotherms in the case 
of base exchange with permutites : 


TABLE XXXIII 


Milligramme 
Equivalents 
of K per 
Litre added 
to NH 4 
Permutite. 

Milligramme Equivalents of Exchanged Ammonia calculated 
to 1 Gramme Permutite . 

Found by 
Experiments. 

Calculated by the Formula of — 

Freundlich. 

Wiegner . 

Rothmund — 
Kornfeld. 

Vageler. 

20 

1153 

1*311 

1-324 

1-353 

1*182 

40 

1-602 

1*516 

1-523 

1-608 

1-584 

200 

2*105 

1-791 

1-789 

1-901 

2-027 

1000 

2*330 

2-543 

2-512 

2*369 

2*425 


It will be seen that there is a satisfactory agreement between the 
empirical results and the calculated values. The isotherm of polar 
adsorption often leads to a maximum ending in a horizontal line, 

* See Wiegner, G., and Jenny, H.: Kolloidchem. Beih., Vol. XXIII. 
(1927), p. 428. 

f See Rothmund, V., and Kornfeld, G. : Zeitschrift f. anorg. u. allgem. 
Chem., Vol. GUI. (1918), p. 128; Vol. CVIII. (1919), p. 215; Vol. CXI. (1920), 
p. 76. ' 

t See Vageler, P., and Woltersdorf, J. : Zeitschr. Pflanz. Diing. Bodk., 
Part A, Vol. XV. (1930), p. 329. 

§ See Weiss, L. : “ Der Kationemimtausch an Permutiten und seine Formu- 
lierung,” Dissertation (Zurich, 1932). 
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a phenomenon observable also in heterogeneous chemical reactions. 
This kind of polar adsorption is often called physico-chemical adsorption , 
and is analogous to the physico-chemical adsorption of the base exchange 
observable on permutites and zeolites . In the case of heterogeneous 
reactions the reaction cannot exceed the stochiometrical laws. In 
certain cases of polar adsorption, too, we find isotherms expressing a 
stable saturation. The course of the latter is slower than that of 
apolar adsorption, for whereas apolar adsorption takes place in- 
stantaneously on the surface of the particles, in certain cases of polar 
adsorption the adsorbed ions may penetrate even into the interior of 
the adsorbent and may also exchange the ions in the interior of the 
particles. Phenomena of this kind occur in the case of natural 
crystalline zeolites and of per- 
mutites or artificial zeolites. 

As already explained, polar 
adsorption is caused by the 
unbalanced electric sphere of 
energy of the ions present on 
the surface, that energy attract- 
ing the oppositely charged ions 
from the solution to the vicinity 
of the surface. The inner ion- 
shell of the particle is formed by 
the ions on the surface of, and in 
close contact with, the particle. 

The charge on these ions also 
determines the charge on the 
particle. Opposite to this inner 
ion-shell is the outer ion-shell 
consisting of oppositely charged 
ions which are less closely con- 
nected to the particle. The exchange processes take place generally 
between the outer ion-shell and the ions of the solution. The 
particles are thus surrounded by an electric double layer. The particle 
and the inner ion-shell combined are called micellar-ion , the latter 
being spoken of as micellar anion or micellar cation according to the 
character of the electric charge on the inner ion-shell. The electric 
double layer of the particle may he regarded as a condenser, one part 
of the armature of which is provided by the inner ion-shell of the 
particle and the other by the outer ion-shell. Recent experiments 
have, however, shown that the outer ion-shell forms a diffuse lay 
consisting of several swarms of ions. In the inner part of the diffuse 
ion-layer are accumulated only the ions with charges opposite to that 
of the particle, while in the following layer we may find also ions with 
similar charges. The distribution of the ions ..changes gradually from 
the inner ion-shell of the particle outwards until we get the distribu- 
tion shown in Fig. 13 above. 
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The diffuse outer ion-shell is in dynamic equilibrium with the solu- 
tion. Where there are several kinds of ions in the outer ion-shell, 
their distribution between the shell and the solution depends partly 
on the concentration of the various ions and partly on the place 
occupied by them in the lyotrope series. In the case of colloidal 
particles possessing a special inner structure, the ions with the same 
electric charge as the outer ion-shell may be replaced inside the 
particles by the ions of the outer shell. This happens only where 
on the one hand ions with an electric charge similar to that on the outer 
shell can move freely in the crystal frame of the particles, and on the 
other hand the ions of the outer ion-shell have room in the crystal frame 
of the particles. This happens in the polar adsorption taking place in 
the case of crystalline zeolites and permutites. Recently soil scientists 
have assumed that the surface of a colloidal particle is not even, but 
undulating, with edges, sides and indentations, and the ions adsorbed 
Don the edges and peaks are more easily exchangeable than those in 
the depressions. Thus it may happen, for instance, that notwith- 
standing its place in the lyotrope series the magnesium cation cannot 
exchange so easily as the calcium cation.* 

In soil processes a very important role is played by polar adsorption. 
Thus the formation of alkali soils is, in the opinion of GEimoizf and 
Sigmond 4 due to the polar adsorption of sodium ions. To similar 
processes of polar adsorption are due also hydrogen and calcium soils ; 
but, whereas in the case of alkali soils the concentration of the sodium 
ions has always been the determining factor, in the formation of 
hydrogen or calcium soils the peculiar place in the lyotrope series 
of hydrogen and calcium ions has determined the course of the 
reaction. 

One of the causes responsible for the cessation of the colloidal 
state is the accumulation of the colloidal particles to form larger 
particles. This result may ensue either by crystallisation or by 
coagulation. In the former case the smaller crystalline particles are 
transformed into larger crystals, the result being that the original 
surface area disappears. In the latter case, on the other hand, the 
particles of the dispersion system coagulate into larger particles 
without the smaller particles losing their original surface area. The 
larger particles formed by coagulation are called the coagulate. Coagu- 
lation may take place either reversibly or irreversibly. In the former 
case the coagulate can he dispersed and changed into a colloidal 
solution by the action of the solvent. In the case of irreversible 
coagulation the coagulate cannot be changed by the action of the 

* See Wiegneb, G.: Proe. III. Intern. Congr. Soil Sci., Vol. III. (1936), 

p. 5. 

f See Gedrqiz, K. K. : “ Der adsorbierende Bodenkomplex ” (Th. Stein - 
kopff, Dresden, Leipzig, 1929). 

t See Sigmond, A.' A. J. de: Proe. Papers I. Int. Congress Soil Sci., 
Vol. I. (1927), p. 330. 
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solvent into a colloidal solution, unless the dissolution is effected, by 
the action of certain substances known as peptisers. 

We shall first deal with those factors which ensure the maintenance 
of the colloidal state or the so-called stability of colloids. 

Colloidal particles owe their existence to two factors. The first 
of these factors is the electric charge on the surface, which, if sufficiently 
strong, is able to prevent the coagulation of particles with a similar 
electric charge. The other factor is the apolarly adsorbed solvate 
or hydrate layer on the surface, which, surrounds the particles like 
an elastic protecting sheath and prevents their coagulation. Both 
factors combine to ensure the stability of the colloidal particles. The 
stability of a particle is determined primarily by that factor which 
happens to be dominant. 

In emulsoids the stability of the particles is ensured primarily by 
the solvate layer and in suspensoids by the electric charge on the 
particles. Fig. 14 shows that in the one case it is the solvate layer 
formed from the molecules of 
the apolarly adsorbed solvent 
that defines the character of the 
particle ; while in the other case 
that character is determined by 
the polarly adsorbed diffuse ion- 
shell. The figure naturally 
shows ideal extreme cases, for 
in nature in the case of solvato- 
cratic colloids we may find not 
only apolar molecular adsorption 
but also to some extent polar 
ion adsorption. Similarly, in the case of electrocratic colloids we may 
find some apolar adsorption in addition to polar adsorption. 

The assumption that in soils the hydration of the particles is merely 
the result of hydration of polarly adsorbed ions is incorrect. It 
cannot be correct, if only because the colloids occurring in soils 
form a transition between electrocratic and solvatocratic colloids. In 
these colloids both factors play an approximately equivalent part in 
ensuring the stability of the particles. Soils also contain a typical 
emulsoid colloid — humus—the stability of which is ensured by the 
apolar adsorption of water. From what has been said it will be seen, 
therefore, that the stability of the colloidal particles is ensured by 
the solvate layer surrounding them or by the charge on the particles 
themselves, both contributing to prevent the coagulation which might 
otherwise be induced by the collisions resulting from what is known 
as the. Brownian movement. Thus no colloidal system can coagulate 
until the particles have lost their solvate layers and their electric 
charges. This explains reversible coagulation: in this case all that 
disappears is the solvate layer of the particles, the electric charge 
on the other hand remaining and enabling the particles on contact 



Fig. 14. 
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with the solvent to reabsorb the solvate layer and thereby to change 
back again into colloidal solution. If, on the other hand, in addition 
to eliminating the solvate layer, we also neutralise the electric charge 
on the particles by adding electrolytes, irreversible coagulation will 
take place. The limiting potential beyond which the particles cannot 
coagulate at all is called the critical potential of the particles. In 
the case of electro cratic coagulation the rapidity of coagulation 
depends upon the electrolyte’s concentration and position in the 
lyotrope series. Above a certain electrolyte concentration the charge 
on the particle is completely neutralised, and in this case all colliding 
particles coagulate. Smoltjchow sky * calls the coagulation ensuing 
under these circumstances quick coagulation; its rapidity may be 
calculated with the aid of the following equation: 

8== 8 * 

1 + 4tt x AiDpSc# 

In the above equation $ G denotes the number of particles before 
coagulation, 8 the number of particles at time A 3 the active radius 
of the particle, D p the diffusion constant of the particles and t the time 
that has elapsed since the addition of the electrolyte. Smoluchowsky’s 
formula refers to monodispersed systems; but Wiegner and MiiLLERf 
have applied it also to polydispersed systems. The electrocratic 
colloids may to some extent be protected against the coagulating 
effect of electrolytes by the addition of solvatocratic colloids. For 
that reason the solvatocratic colloids are sometimes called protective 
colloids. In soils humus functions as a protective colloid; its effect 
has been dealt with exhaustively by Aarnio.| 

In connection with irreversible coagulation we must also consider 
the opposite process — peptisation — as a phenomenon which plays an 
important role in soils. By peptisation is meant the process which 
by the addition of certain substances reconverts an electrocratic 
coagulate into a colloidal solution. The main point in this process 
is that it raises the potential of the coagulated particles above the 
critical potential. This happens either as the result of an addition 
of electrolytes or of a reduction in the electrolyte concentration. 
In the former case an ion exchange or polar ion adsorption increases 
the charge on the particles, while in the latter case the leaching out 
of the electrolytes removes from the system the electrolytes which 
cause coagulation, and the particles recover their original charge. 
Both cases occur in soils. The first occurs when a good steppe soil 
is converted into an alkali soil by the action of alkali salts. We may, 
indeed, regard steppe soils as coagulates resulting from the effect of 

* See Smoluchowsicy, M.: Physikalische Zeitschr., Vol. XVII. (1916), 
p. 557; and Zeitschr. f. Phys. Chem., Vol. XCII. (1917), p. 129. 

t See Wiegner, G., and Muller, H.: Kolloid Zeitschr., Vol. XXXVHI. 
(1926), p. 1. 

t See Aarnio, B.: Int. Mittlg. f. Bodenk., Vol. III. (1913), p. 131. 
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calcium ions, which have coagulated the original particles into larger 
particles with a crumbly structure. The effect of alkali salts is to 
replace the calcium ions on the surfaces of the particles by sodium 
ions, which increase the charge on the particles; this is accompanied 
by increased dispersion. Many cases of peptisation caused by leaching 
are also to be found in the irrigation of saline soils. It often happens 
that the leaching of salts results in an increase in dispersion sufficient 
to produce impermeability in an originally well-drained soil. 


5. Characteristics of the Water Extract of Soils. 

Solid, liquid and gaseous materials are found mixed in soils and 
interact not only physically but chemically also. The so-called natural 
soil solution is the ultimate medium in which all chemical reactions 
take place in the soil ; it is where the chemical dynamics of soil assert 
themselves. Reactions which take place on the surface of the in- 
soluble solid particles occur only at points which come in contact 
with the soil solution (liquid phase of the soil), and the gaseous con- 
stituents are inert unless absorbed or dissolved by the soil solution. 
In this sense we are justified in calling the soil solution the most active 
part of the soil and the dissol ved elements the most active constituents. 

The simple salts of soils may be grouped according to three grades 
of solubility. 

1. Readily Soluble Salts . — Such are the chlorides and nitrates, 
especially of Na, K, Ca and Mg. Of the sulphates those of 'Na, K 
and Mg , and of normal carbonates those of Na and K are readily 
soluble. The bicarbonates of the above-mentioned four cations are 
also easily soluble. Mg(HC0 3 ) 2 , differs from Ca(HC0 3 ) 2 , in that the 
former is a barely stable compound, breaking up easily into MgC0 3 and 
C0 2 , and precipitating as a normal carbonate. Ca(HC0 3 ) 2 , on the 
other hand, is fairly stable even in quite concentrated solutions. The 
bicarbonates of the alkali cations are much less stable in concentrated 
solution, changing into normal carbonates, which are, however, water- 
soluble. The latter solutions are alkaline owing to the hydrolysis of 
the normal carbonates, as shown in the following equation for sodium 
carbonate ; 

Na 2 CO, + 2HOH ^ > 2NaOH + C0 2 + H.O. 

We may include also ammonium salts among the readily soluble 
salts of soils, their proportion being, however, usually very insignificant. 

2. A salt of medium solubility is gypsum, very frequent, in soils 
of dry climate and sometimes found in a considerable percentage. 

3. Slightly soluble salts found in soils are the normal carbonates 
of Ca and Mg and the phosphates of Ca , Fe and Al. We might also 
include here the unweathered silicates and the absorbing or humus- 
zeolite complex. These are all only slightly soluble in water, but 
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they are generally not regarded as simple salts of the soil .but as con- 
stituents of complex chemical composition. 

About the solubility of the above-mentioned simple salts we have 
data enough in literature. Some interesting figures are shown in 
Table XXXIV. 

TABLE XXXIV 

Grammes of Salts dissolved in 1 00 Grammes of Solution 



0° c. 

10° C. 

20° C. 

25° C. 

CO 

o 

o 

Q 

40° C. 

(NH 4 )N0 3 . . 

54*2 

; ’ 

. 

68*2 

70*8 



knq 3 

11*5 

17*7 

24*1 

— 

31*6 

39*2 

NaN0 3 

42*2 

44*6 

46*8 

— 

49*0 

51*2 

Mg(NO,), .. 

40*0 

— 

— 

— 



45*9 

Ca(FO a ) 2 . . 

48*2 

— 

(18°) 54*8 


— 

(42*4°) 69*5 

(NH 4 )C1 

22*9 

25*0 

27*1 

— 

29*3 

31-4 

KOI j 

21*9 

20*8 

25*6 

25*78 

27*2 

28-7 

NaCI i 

26*34 

26*30 

26*38 

— 

26*50 

26-65 

MgCL | 

34*6 

34*9 

35*3 

— 

— 

36-5 

CaCl a 

37*3 

39*4 

42*7 

> — 

— 

53-5 

(NHJgSO* . . 

41*4 

42*2 

43*0 

— 

43*8 

44*8 

k 2 so 4 

6*89 

8*50 

10*07 

10*75 

11*50 

13*17 

Na,S0 4 

4*22 

8*24 

16*00 

21*90 

29*00 

32*50 

MgS0 4 

~ — , 

23*6 

26*2 

! 26*8 

29*00 

31-3 


Cameron* has investigated the changes in the solubility of salts 
when two or three are dissolved in the same solution. The equilibrium 
of the carbonates and bicarbonates is of special pedological interest, 
for, as soil solutions contain varying amounts of carbonic acid, there 
is always a possibility of the formation of bicarbonates in soil. Though 
it is often impossible to estimate the true proportion of the various 
carbonates in the soil solution, we have proof that sometimes only 
bicarbonates (HC0 3 anions) are present in the soil solution, while in 
other cases a certain amount of normal carbonate (C0 3 anions) is 
present also. 

The changes in equilibrium between normal carbonate and bi- 
carbonate of sodium are of special pedological interest. We may 
say in general that by raising the temperature to 100° C. the pro- 
portion of the sodium bicarbonate gradually decreases with a corre- 
sponding increase of the normal carbonate. At 100° C. in a boiling 
solution all bicarbonates of sodium are changed into normal salts. 

If the amount of Na in 1 litre of water is less than 9 grammes the 
proportion of bicarbonates increases gradually with increase of dilu- 

* See Cameron, F. K.: TJ.S. Dept. Agr. Div. Soils, Bull. 17 (1901); Rep. 
Field Op. Div. Soils (1900), p. 423. 
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tion ; at the stage called infinite dilution only bicarbonates are present. 
The pedologioal significance of this fact is that it becomes possible 
to change the normal sodium carbonate into bicarbonate by extreme 
dilution of the soil solution. If the amount of Na in 1 litre of water 
is exactly 9 grammes at a temperature of 25° (1, the balance of the 
two salts is as follows: 63 per- cent, of Na is in solution as normal 
carbonate and 37 per cent, as bicarbonate. 

The proportion of the former salt increases to 65 per cent., when 
the amount of dissolved Na per litre increases to 45 grammes. When 
the amount of Na dissolved in 1 litre of water is 2*9 grammes, the 
respective proportions of Na contained in the two salts are the same. 
It is quite natural that these proportions are shifted when we take 
into consideration the relative amounts of the two sodium carbonates. 
For instance, the proportion of both salts is about the same when 
their total, amount is 21 grammes per litre, so that in a solution of 
approximately 2 per cent, we have about I per cent, normal carbonate 
and I per cent, bicarbonate of sodium. If, however, the concentra- 
tion of the solution amounts to 56*5 grammes per litre (about 6 per cent, 
solution), we find 30 g. Na 2 CO,> and 26*5 g. Na(HC0 3 ) 0 dissolved in 
1 litre of water — i.e., the proportion of the normal carbonate has 
increased to 53 per cent. We see from these figures that with in- 
creasing concentration the proportion of normal carbonate increases. 
It is, however, important from a pedologioal point of view to note 
that in all cases below a temperature of 100° C. the water solution 
cannot be exclusively one of normal sodium carbonate, so that the 
salt crust of sodium carbonate always contains some bicarbonate. 

The behaviour of potassium salts is practically the same as that of 
sodium salts, only the deviations are somewhat smaller. Their role 
in soils is far less significant because the bulk of the potassium in 
soils is absorbed. 

More interest attaches to the carbonates of Ca and Mg. Accord- 
ing to Schlosing; in 1 litre of CO a -free distilled water at a tempera- 
ture of 16° C., only 0*0131 g. CaC0 3 can be dissolved, and according 
to Treadwell and Reuter under pressure of 760 mm. at 16° C. 
1*156 g. CaC0 3 are dissolved in an atmosphere of carbonic acid. In 
water saturated with carbonic acid 0*0746 g. is soluble at 16° (J. 
Cameron’s experiments showed that in ordinary soil solutions only 
calcium bicarbonate (which is fairly stable at normal temperature) but 
not normal calcium carbonate is dissolved. In this respect Mg differs 
very distinctly from Ca. For the normal carbonate of Mg is more 
easily soluble in water and its bicarbonate less stable than the corre- 
sponding salts of Ca. Cameron concluded that in normal air there 
is equilibrium with 50 per cent, of normal carbonate and 50 per cent, 
of bicarbonate, hence waters rich in carbonate of magnesium , tested with 
phenolphthalein , show alkaline reactions . Normal calcium carbonate 
itself is also slightly alkaline, but, being easily transformable into 
bicarbonate, the alkaline reaction disappears very quickly. Conse- 
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quently alkalinity in soil solutions may be due not only to normal 
alkali carbonates but sometimes to normal magnesium carbonate. 

From a pedological point of view it is interesting to note that 
sodium salts produce a considerable change in the solubility of normal 
calcium carbonate, due -to chemical interaction. Cameron added 
excess CaC0 3 to NaCl solutions of various concentrations, passing 
air through the solution during twenty-seven days in order to obtain 
full equilibrium. In all cases the solutions contained only bicarbon- 
ates. With distilled water only 0*1046 g. Ca(HC0 8 ) 2 ( = 0*064 g. 
CaC0 3 ) was dissolved. When 9*7 g. NaCl (roughly I per cent, solution) 
acted* on CaC0 3 the solution contained 0*177 g. Ca(HC0 3 ) 2 (= 0*1094 
g. CaC0 3 ), and with increase in concentration of NaCl in the solution, 
the proportion of dissolved Ca(H.C0 3 ) 2 increased until the concentra- 
tion of the sodium chloride reached about 5 per cent. With further 
increase of the NaCl concentration the solubility of the CaC0 3 de- 
creased gradually. 

Sodium sulphate exercises an even greater effect than sodium 
chloride on the solubility of CaC0 3 . In a solution of 5 g. Na.,S0 4 
Cameron found 0*173 g. Ca(HC0 3 ) g dissolved, and in a solution of 
35 g. Na 2 S0 4 per litre 0*325 g. Ca(HC0 3 ) 2 , 8 per cent, of the latter 
being dissolved as normal carbonate. With 160 g. Na 2 S0 4 per litre 
0*45 g. Ca(HC0 3 ) 2 was dissolved, the solution containing 18 per cent, 
of normal carbonate. It seems also that further increase of Na„SG 4 
leads to an increase of solubility of CaC0 3 , there being no decrease 
above a fixed concentration. 

It must be noted, however, that in all the above cases the increase 
of solubility of CaC0 3 is not due to a simple physical dissolution of 
CaC0 3 molecules, but is the result of a chemical reaction between 
CaC0 3 and NaCl or Na 2 SO r The same is true when MgC0 3 is present 
in the soil together with NaCl or Na 2 S0 4 . The MgC0 3 , however, 
being more soluble than CaC0 3 , the chemical process is more 
active. 

All these reactions are pedologically very significant, leading as they 
do to the formation of soda in soils. These reactions may be repre- 
sented by the two following equations : 

R n (HC0 3 ) 2 .+ 2RIC1 =2 R i HC 0 3 + R»Cl a , 

and 

m (HCO s ), + R t 2 80 4 — 2R 1 HC0 3 -f R ti S0 4 . 

R n means bivalent Ca or Mg, and R 1 monovalent Na or K. Roth 
reactions are reversible — i.e., if carbonic, acid in the soil solution is 
in excess the balance of the reversible reactions is shifted to the right ; 
if, however, S0 4 or Cl anions are in excess as compared with the HC0 3 
anions the balance may turn back towards the left. It is easy to 
understand that the NaHC0 3 formed according to the above reactions 
of Cameron may easily change into Na 2 C0 3 , especially when the soil 
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is becoming drier. This is the basis of Hilo abb’s theory of soda 
formation in alkali soils. 

There is, however, another possibility of soda formation in alkali 
soils, where the absorbing complex (T m ) is partly saturated with 
sodium, and the soil solution is rich in carbonic acid (H 2 CG 3 ). The 
interchange takes place as follows: 

-X ~ X 

Tm - Ha + H 2 C0 3 ~T m + Na.CO* 

- Na - H. 

According to Gedroiz, Kelley and others this is the only process 
resulting in the formation of any considerable quantity of soda. In 
my opinion both theories are right and soda may be formed in soils 
in both ways. The difference between the two possibilities is that 
whereas according to Gedroiz’s theory soda formation can take place 
only in alkali soils from which the other alkali salts (NaCl or Na :> S0 4 ) 
have already been leached, according to Hilo abb’s theory the presence 
of abundant NaCl or Na 3 S0 4 makes soda formation more active if 
combined with an excess of carbonic acid. Gedroiz found that in 
Russian alkali soils sodium carbonate had accumulated only in soils 
in which the proportion of other sodium salts was insignificant. In 
Hungarian alkali soils, however, I have found just the opposite. 
Sodium carbonate has accumulated very often in alkali soils rich in 
other alkali salts and in CaC0 3 . Even in those cases where the bulk of 
the water-soluble salts consists almost entirely of Na 2 C0 3 and NaHC0 3 
the soil is always very rich in CaC0 3 . It seems, therefore, that in 
the Hungarian alkali soils the formation of soda takes place mostly 
according to the above reactions between CaC0 3 and NaCl or Na 2 S0 4 . 
In leached and degraded alkali soils, however, it is possible that slight 
amounts of soda may be formed according to Gedroiz’s theory. 

A fact of interest to the pedologist is that normal sodium carbonate 
decreases the solubility of CaC0 3 . This is evidenced by numerous 
natural phenomena and laboratory experiments. I have found, for 
instance, that in the stagnant water and salty lakes in the areas of the 
Hungarian soda soils, which are also very rich in OaOO :i (about 10-30 
per cent.) the water itself is practically devoid of Ca, containing only 
Na 2 C0 3 and NaHC0 3 .* 

Dr. John bi Gleria, working in my laboratory, tested the solubility 
of CaC0 3 in solutions of various reactions, and found that an increase 
in pH value is accompanied by a decrease in dissolved CaC0 3 . The 
solutions under pH 7 were acidified by carbonic acid, while those 
above pH 7 were alkalinised by adding to the water gradually more 
and more Na 2 C0 3 . Some of his results are included in Table XXXV. 

This has been corroborated by analyses of a Hungarian black steppe 
soil at Gyula in which the proportion of CaCO ;} gradually increased 

* See Sigmond, A. A. J. de: “Hungarian Alkali Soils and Methods of their 
Reclamation, 55 Univ. of California Printing Office, Berkeley, Cat, 1927, pp. 108-9. 
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with the depth, whereas in the water extract of the various soil horizons 
dissolved Ca decreased with the depth owing to the increase of pH 
of the soil horizons. The relevant analytical results obtained in my 
laboratory by Dr. Ladxslaus Kotzmann are included in Table XXXVI. 



TABLE XXXV 



pH value of the solutions j 
Dissolved CaC0 3 (mg. in 1 

6*21 

6*50 | 

; 

7-12 

7*85 

8*60 9*20 

. | : 

litre solution) . . 

965 

720 i 

356 

135 

54 l 41 


TABLE XXXVI 



CaC0 3 

Per Cent 




CaO (mg. dissolved by 


pH. 


1 Litre Water from 
100 Grammes Soil.) 

1*69 


8*88 



25*3 

5*2 5 


9*00 



21*6 

7*95 


9*00 



23*9 

10*08 


9*15 



10*5 

13*12 


9*24 



7*1 


Finally the solubility of gypsum (CaS0 4 .2H 2 0) is of some pedo- 
logical significance. Confining ourselves to the cases where the solu- 
bility of gypsum is influenced by sodium salts, we find that in general 
XaCl and MgCl 2 increase, while Na.,S0 4 and Cad 2 decrease the solu- 
bility. In these cases, too, the increase of solubility of the gypsum 
is combined with chemical reactions. In the case of XaCl, for instance, 
the chemical reaction may be formulated as follows : 

CaS0 4 + 2NaCl =Na,S0 4 + CaCL. 

In the case of Na.,CO :r however, the reaction leads to the disappear- 
ance of the soda in soils — a circumstance of great importance in alkali 
reclamation— as is shown by the following equation : 

CaSOj +Na 2 C0 3 =CaC0 3 + Na 2 S0 4 . 

This is the same reaction (only in the opposite sense) as we have 
already discussed when dealing with soda formation in soils. 

Having described the solubility conditions of the pedologically 
significant simple salts, let us now- consider the solubility of the ab- 
sorbed cations and of those which are still present in the form of 
original minerals. Gedrgiz has shown that if we treat non-saline 
soils with distilled w-ater saturated with the carbonic acid of the 
atmosphere, the concentration of the water extract of the soil increases 
with a decrease of the ratio of soil to water, but not in the same pro- 
portion as that ratio wuuld lead us to expect.* If the water dissolved 
only readily soluble salts, the amounts dissolved would be constant; 

' * See Gedroiz, K. K. : Chemise! le Bodenanalyse.” Gebr. Borntraeger, 

Berlin, 1926, p. 149, 
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and by varying the ratio of soil and water we should find that dilution 
changed the concentration in exact proportion to the change in the 
ratio of soil and water. On the other hand, if the water dissolved 
only the cations of the absorbing complex the concentration of the 
solution would to a certain extent remain constant. However, in the 
case of soils this is not so, showing that the water dissolves not only 
water-soluble salts but also part of the absorbed cations. However, 
the soil extracts used in laboratories are always much more dilute 
than, and their composition probably different from, natural soil 
solutions. Nevertheless, it is sometimes very useful to know the 
chemical composition of water extracts of soils. Until recently water 
extracts of soils were usually analysed in respect of their plant-food 
content. This procedure gives no instructive information for soil 
characterisation, for which purpose we must know the chief cations 
(Ca, Mg, K and Na) and anions (Cl, S0 4 , HC'0 8 and CO,), possibly 
the total dry residue and the loss on ignition. Tables XXXVII., 
XXXVIII., and XXXIX. show typical figures. 

Table XXXVII. gives the bases dissolved by 1 litre of distilled 
water after shaking for two minutes at laboratory temperature. The 
analyses were made by Du. L. Kotzmann in my laboratory by 
Gbdeoiz’s method. The Table also includes the exchangeable bases, 
to show that there is no general connection between the absorbed 
and the water-soluble bases, owing to the fact that each of the soils 
represents a distinct soil type. When, however, we try to discover 
some characteristics of the individual soil types, the water-soluble 
bases are very instructive. Thus in soils 1 to 5 — at least in their 
upper horizons — CaO is the prevailing base in the water extracts, 
whereas in soil 6 CaO is the least significant. This is far better illus- 
trated in Table XXXVIII., which gives the equivalent percentages 
of cations and anions. 

The contrast in the CaO is due to the fact that soils 1 to 5 are derived 
from parent materials rich in CaC0 3 (see Table XXXIX.), while in the 
case of soil 6 the parent rock was poor in calcium and the acid leach- 
ing processes have made the lack of calcium even more conspicuous. 

The figures for Na,Q are very instructive too. In the black steppe 
soil its amount increases considerably with the depth. This phe- 
nomenon is not confined to this particular profile, as we have investi- 
gated several others and have found it to be common in the Hungarian 
black steppe soils. 

In the case of the degraded black steppe soil the increase of Na,0, 
though still evident, is far less so. Owing to the more acid leaching 
the black meadow soil does not show similar tendencies. The Spanish 
soils also seem to he leached out sufficiently to prevent any accumulation 
of sodium in the deeper horizons. 

In the water solutions we can determine only. the ions, and we 
know nothing about their original combinations. Water, however, 
dissolves primarily the most easily soluble salts, the less soluble salts 
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being only partly dissolved, according to the general laws of solutions. 
Consequently by ascertaining the proportions of the various anions 
we can with some probability guess what salts were originally present 
in the soil itself. There is no doubt that the chlorides and sulphates 
of the alkali cations are the first to be dissolved, and the concentration 
of these salts determines the rate of solution of the less soluble Mg 
and Ca salts. If the soil did not contain an absorbing complex, or 
the latter did not absorb alkali cations, which are more easily exchange- 
able than Ca and Mg, we might plausibly state that the dissolved 
Cl and S0 4 ions were combined primarily with the alkali cations, 
the rest of the S0 4 ions being combined with Mg; only in the presence 
of a considerable surplus of .ions is gypsum dissolved. In this case 
again HC0 3 points to the presence primarily of CaC0 3 , and only 
secondly of MgC0 3 in the soil. 

In soils, however, in addition to the salts, we have to reckon with 
the presence of the absorbing complex as well as unweathered silicates. 
Water and C0 2 dissolve them very slowly, even more slowly than the 
CaCO. r A certain proportion of the dissolved cations was originally 
in an absorbed form or as silicate constituents in the soil and has been 
dissolved in the water extract in the form of bicarbonates. Any 
reconstruction of the original salts of the soil from the composition 
of the water extract must be somewhat arbitrary — but not necessarily 
irrational. Let us see what can be deduced in this respect from the 
composition of the six soil profiles. For this purpose we need the 
further data given in Table XXXIX. 

It will be seen that soils 1, 4 and 5 are abundantly provided with 
CaC0 3 in all their horizons, while the upper horizons of soils 2 and 3 
are absolutely deficient in carbonates, and the whole profile of soil 6 
is free of carbonates. In reaction, the Hungarian black steppe soil 
is slightly alkaline throughout its profile; the degraded steppe soil 
(No. 2) and the black meadow soil (No. 3) are slightly acid in their 
upper horizons, a fact indicated in particular by their high degree of 
hydrolytic acidity. In the other three soils we have not determined 
the reaction of the soil in such detail and can say only that the Spanish 
rendzina (No. 4) and red soil (No. 5) are neutral, and the soil on 
granite (No. 6) slightly acid. 

If we apply the above argument to the six soils, we may assume 
that the Cl and S0 4 ions are in most cases present as sodium salts, 
while the dissolved K, Mg and Ca are usually present as absorbed 
cations or as carbonates. This general rule may change with soil 
type and soil horizon. In the case of the steppe soil, for instance, in the 
upper horizons the equivalents of sodium exceed the sum of the equiv- 
alents of Cl and S0 4 anions (Table XXXVIII.); while in the deepest 
horizon the reverse is the case, showing that in addition to sodium 
some potassium and magnesium are also combined with Cl and S0 4 . 

In soil No. 3, S0 4 is the predominant anion, a phenomenon which 
is closely connected with the genetics of the soil, which originates 
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TABLE XXXIX 


No. and Depth 
of the Soil. 

CaC0 3 

0/ 

/o 

I 

MgCO, 

o/ 

/O 

pH 

Htplrolytti 

Acidity. 

In H,0 

In KOI 

1. 0-30 

5-83 

0-63 1 

8-41 

7-70 

3-1.8 

30-60 

12-03 

0-93 

8*48 

7*79 

2-22 

60-90 

16-62 

1-50 

8-44 

7*89 ! 

1-61 

90-120 

15-55 

1-71 

8*49 

8-12 ! 

1*29 

120-150 

14-60 

2-04 

8*41 

7-99 

1*71 

2. 0-30 



. 

7*02 

6-07 

15*00 

30-60 

— 

' — 

7*02 

5*90 

13-38 

60-90 

— 

— 

7*47 

6*28 

7-10 

90-120 

4-41 

0-12 

8-65 

7*82 

1-42 

120-150 

10-63 

0*51 

9*05 

8*30 

0*40 

3. 0-30 

___ ■ 



6-71 

■ 

5*65 

16*02 

30-60 

1-66 

0*14 

7*84 

7*05 

6*08 

60-90 

18-37 

0-50 

8*23 

7*20 

4*30 

90-120 

17-26 

0*66 

8-11 

7*14 

3*46 

120-150 

not de 

termined. 

8*20 

7*16 

3*70 

Soil Horizon . 

Total Carbonates 





as CaC0 3 




4. I. 

' 48-62 

7*2 

n o t d e 

t e r m i n e d. 

II. 

54-36 

1 7*3 

> 9 

i 

t 9 9 

III. 

54 

•22 

7*1 

99 

j 99 

5. I. 

5-84 

1 

! 7*2 

99 

! ■ 

9* 

II. 

47 

•94 

i ' 7*2 

.. 9 9 

9 9 

III. 

i 55 

•99 

I 7*3 

99 

9 9 

IV. 

87 

•56 ■ 

7-2 

' 

! 99 

6. S, 

I. 

' ' ' ~ 

- 

6*9 

6*7 -6-8 

' »» 

9.9 

i ’ ’ 

II. 

ILL 



1 6*9 

6*7 

> J 

99 ■ 

99 


from a kind of moorland in its initial stage of development. In this 
case the soil contains not only Na, K and Mg sulphate, but some 
gypsum too. 

In soil No. 4, we have to do with a typical Ca soil, as evidenced by 
the high proportion of exchangeable CaO (Table XXXVII.) throughout 
the profile. The sum of the equivalents of Cl and S0 4 ions is so 
small that it is insufficient to bind chemically all the sodium equiva- 
lents. Consequently we are justified in assuming that the rest of the 
sodium and all the water-soluble K, Mg and Ca are present in the 
form of carbonates or absorbed by the soil. 
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Finally, in soil No. 6, which is free from carbonates, sulphate is 
the dominant anion, and the HC0 3 has been added only by the water 
containing some carbonic acid. Consequently, in this case the bulk 
of the dissolved cations has been absorbed by the absorbing complex. 
It is interesting to note that, though the exchangeable Ca is far in 
excess of the Mg (Table XXXVII.), just the reverse is found in the 
water extract. 

As we have seen, the chemical composition of the water extract 
may he very instructive for the chemical characterisation of a soil . But, 
as I have pointed out, the soil extracts prepared in laboratories never 
correspond to soil solutions existing under natural conditions. For 
if any soil contains 25' per cent, humidity the ratio of soil to water 
is 3:1, and may become still narrower in drier seasons. In the labora- 
tory we cannot extract any comparable solution in which the propor- 
tions of the dissolved constituents bear any mathematical relation 
to those present in the natural soil. In more concentrated soil solutions 
the 'proportion of the less soluble material declines and that of the easily 
soluble salts increases rapidly . 

There is much resemblance between the natural soil solution and 
drain water or water collected in lysimeters. But even in this case 
we get only the composition of the surplus water in the whole profile 
drained. A further disadvantage of drain water is that it gives only 
the final result of the course of percolation. The composition of the 
drained soil water is useful for estimating the leaching processes in a 
soil profile , but unsuitable to explain the various interchanges which have 
taken place in each soil horizon . 

Ramann and his collaborators have succeeded by high pressure 
(400-500 atm.) in obtaining some solutions of soils at natural humidity.* 
Unfortunately they determined only the chief plant foods, so that we 
have no idea of the full chemical composition of these natural soil 
extracts. 


6. The Soil as a Source of Plant Foods*! 

In the preceding discussions I have deliberately refrained from 
treating in detail the soil as a storehouse of plant foods. It is, however, 
the natural function of soil to serve both as physical support and as 
the source of food for vegetation. It would be a great mistake to 
exclude this function from a characterisation of soils. The soil 
type Is sometimes directly related to the plant-food reserve of the soil. 

* See Ramann, E., Marz, S., and Bauer, H. : Intern. Mitt. Bodenk., 
Vol. VI. (1916), p. 1. 

t In the original Hungarian edition this chapter formed part of the section 
dealing with the biological characterisation of the soil. I have now combined 
it with the chemical characterisation of the soil, for most laboratory methods 
used to determine the readily accessible plant foods present in soils are chemical 
methods. 
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The tschernosems, for instance, are naturally rich in plant foods, 
and Stebxttt was right in stating that the steppe vegetation enriches 
the soil. We may add that the steppe vegetation cannot thrive on 
a poor soil. The reverse is true of soils formed under acid leaching 
conditions — e.g., podsolisation or peat formation. In these cases the 
soil is almost permanently undergoing an acid leaching process, result- 
ing in a considerable loss of readily soluble plant foods. Moreover, 
in this case the formation of the absorbing complex is very slow, 
and when there is any complex at all, it is highly unsaturated and 
consequently unfavourable for plant-food adsorption. The whole 
dynamics of these soils are destructive to the plant-food reserve. 
In fact, these examples show that the whole dynamics of the soil 
are directly connected with the plant-food reserve and its practical 
evaluation. 

In this respect we differentiate between the total or ultimate and 
the readily-soluble or available plant-food reserve. The former has 
hardly any practical importance except in extreme eases, when the 
soil is very rich or extremely poor in some plant foods. On the other 
hand, it is not* possible to determine in advance the exact amount of 
plant food which may be available for the next crop. For pot or 
field or Neubauer experiments give only figures showing the amount 
of plant foods taken up by the plant in the particular conditions of 
the experiment, and it is not easy to transfer these results to the 
conditions of ordinary crop production. In the case of chemical 
methods we can only estimate quantitatively the reserve from which 
the plant roots can take up their nutrients; hut this does not mean 
that the reserve will be taken up quantitatively by a crop. Neverthe- 
less, the amounts of plant foods which are readily dissolved by plant 
roots (Neubauer’s method) or by some weak acid or alkali or by 
certain micro-organisms are characteristic for a soil,. We cannot yet 
say which of these laboratory methods is the best, but we can definitely 
say that between the water-soluble and the slowly soluble parts of 
plant foods there is an intermediate moderately soluble part represent- 
ing a mobile equilibrium between the two extremes, which equilibrium, 
even if momentarily disturbed, may be restored at the cost of the 
slowly soluble part. If the proportion of this intermediate part is 
considerable, we have a relatively rich soil ; and if its amount is small, 
the soil may be poor for crop production. The great difficulty lies 
in estimating those limit values which indicate richness or poverty 
of a soil in the several plant foods. 

When fixing the limit values of certain plant foods it is a. great mis- 
take to give rigid figures. For so many various factors may influence 
plant nutrition and development, and so different may be the special 
needs of certain crops, that small variations of the limit values are 
of no practical importance. It is very probable, also, that the limit 
values may vary according to the soil type which best represents 
the general character of the dynamic changes taking place in a soil 

10 
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I have found, for instance, in the case of readily soluble phosphoric ' 
acid that the limit values vary with the basicity of the soil.* In my 
opinion much uncertainty or controversy could be eliminated in this 
kind of work if we restricted the limit values to the general dynamic 
character of the soil. 

* See Sigmond, A. A. J. de: Journ. Arner. Client. Soc., Yol. XXIX. (1907), 
No. 6, and Verb. cl. II. Komm. Int. Bodenk. Ges. Budapest (1929); 
Teil, A.: u Zur Frage cler Laboratoriumsmetlioclen z. Best, cles Diingerbediirf- 
nisses cles Bodens. 55 
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SOIL SYSTEMATIC^ 


CHAPTER XII 

INTRODUCTION 

Having familiarised ourselves with the special characteristics of soils, 
let ns now apply our knowledge to actual soils, and thereby endeavour 
to do what has already been done by other natural sciences possessing 
fully developed systems — viz., to give a systematic classification of 
soils. The attempts made hitherto to classify soils are really nothing 
more than the precursors of a definitive soil system. 

By way of introduction I shall explain in brief the fundamental 
principles underlying the best-known systems of soil classification. 
Linne, the great botanist, classified soils on the basis of natural vege- 
tation or of physical or chemical constituents. The later system of 
Thaek served primarily a practical purpose — viz., the valuation of 
fertile soils. This was the beginning of the practical classification 
of soils, which — while certainly taking into account the various 
peculiarities of the soil — either expressly or tacitly based its differentia- 
tions upon the degree of fertility. Falloit accepted a geological 
classification as a scientific basis. All these systems, however, suffer 
from the common defect that they restrict themselves to very narrow 
limits and cannot be applied generally. Nor is the mechanical com- 
position of the soil the property upon which it would be possible to 
build up a soil system of universal application. This fact was realised 
by the American soil scientists who did not content themselves with 
merely showing the parent rock and the mechanical composition, but 
established certain “series ” or types called after the places where 
they were first located. Thus these scientists voluntarily acknow- 
ledged that neither the parent rock nor the mechanical composition 
is sufficient in itself to characterise the various soils, and that there 
are certain types which are to be found in several different places. In 
this way they determined a large number of “ series,” though without 
having arrived at any system of universal application. They did 
indeed endeavour to group) “ series ” resembling one another; but they 
did not know — nor did they inquire into — the inner relationships, 
and consequently failed to arrive at any natural soil system. 

The classification of soils on a geological basis was developed by 
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Richthofen introducing various climatic types or zones of weather- 
ing, thus acknowledging that climate exercises a decisive influence' 
upon the nature of the weathering of rocks. I do not propose to deal 
exhaustively with this system; the only reason why I mention it is 
that it apparently resembles that of Docuchaiev. The latter differs, 
however, materially from Richthofen’s system, for Docuchaiev 
does not look upon soils as merely weathered rocks but as the functions 
of all the soil-forming factors. Docuchaiev distinguished the follow- 
ing distinct soil -forming factors: 

1. The nature of the parent rock. 

2. The climate of the place where the soil is found. 

3. The character and amount of the vegetation. 

4. The stage of development of the locality. 

5. The local orographic conditions. 

We see, therefore, that Docuchaiev took into account the majority 
of the soil-forming factors known today, and we cannot regard his 
conception as one-sided— as tending, for instance, to group soils 
exclusively on the basis of climate and vegetation. What he was 
anxious to discover was the nature of the circumstances of formation 
of which the several soil types are the inevitable results. 

His system of classification of soils is therefore genetic, whereas 
Richthofen’s is based solely upon the geological origin — though he 
realised that the weathering of rocks differs in character according 
to the nature of the climate to the effect of which it is exposed. 

The zonal system of Sibirtzev — somewhat modified and enlarged — 
remained long in vogue in Russia, where the conditions of soil forma- 
tion really favour the zonal development of soil types. But the soils 
found zonally in Russia are found elsewhere in smaller extent either 
intrazonally or azonally, for which reason Glinka formulated another 
system, from which he eliminated as far as possible the geographical 
distribution of soils. Glinka’s soil system is based on types of soil- 
formation independently of the geographical position of the places 
where the soils are found. Thus, the system of Sibirtzev — the 
division into zonal, intrazonal and azonal types — loses in import- 
ance, and the types of soil formation are grouped on the basis of the 
conditions of humidity. Glinka’s leading idea is that the 'principal 
regulator of the dynamic phenomena contributing to soil formation is the 
degree of humidity prevailing in the soil. There are indeed cases in 
which the original rock offers a prolonged resistance to this reaction, 
but unless inner dynamic factors of this kind impede the action of 
outer dynamic factors, the degree and manner of that action will 
adjust itself to the conditions of humidity of the soil. Glinka divided 
the types of soil-formation into two principal groups — viz., ecto- 
dynamomorphic and endodynamomorpMc. The latter soils he classifies 
as only transitional in character, as they join the group of normal 
ectodynamomorphic soils the moment the resistance of the parent 
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rook ceases. Glinka’s definitions of the conditions of humidity, 
however, were not quantitative, and were anything hut definite (see 
his book on the subject). 

Later, Glinka abandoned this attitude, and instead merely differ- 
entiated the principal types which in his previous classification had 
characterised the various dynamic systems. He entirely omitted the 
endodynamomorphic soils, the result being that the so-called rend- 
zinas — black earths formed from limestone — were left out of his 
system. The system has the undoubted advantage of being simple 
and comprehensive. It is certainly an advance that the alkaline soils 
and the fen soils have been included among the main types, being 
placed on a level with laterites, podsols and tschernosems, whereas 
in the systems of classification of Docuchaiev and, Sibirtzkv they 
are treated separately from the normal types. 

Thus in his later system Glinka abandoned the previous methods 
of the Russian school, which had selected one of the soil- forming factors 
as the basis of its system, and he adopted as his units easily distinguish- 
able soil types. 

Glinka’s classification— at least in its outward manifestations — 
denotes the abandonment of soil-type zones. But his five main types 
and the sub-types included therein are not the only types of soil 
known to exist in the world. In consequence, scholars have begun 
to determine a whole series of types and varieties and to attempt to 
reduce them to a system. One of the most recent systems of the kind 
is that invented by Vilensky. In this system the distribution of 
soils is based upon analogous series of soil formations. The funda- 
mental idea underlying the system is that in the formation of soil we 
can distinguish several peculiar and genetically independent groups, 
which Vilensky calls “ divisions.” Within each of these “ divisions 5} 
he distinguishes six grades of soil formation— beginning with the 
transformation of the crude rock and passing through various grades 
to the completely developed main type of each “ division.” This is 
not, however, the end of the development, but merely the beginning 
of a process of destruction which ultimately results in simple de- 
composition products . * 

Gedroiz’s system of soil classification is based upon the character 
of the absorbing complex of the soil and upon the quantity and quality 
of the absorbed cations; but, as Gedboiz himself has repeatedly 
explained, f the development and rate of saturation of the absorbing 
complex is the result of the genetic factors. His system of classification, 
therefore, is also genetic, differing from the other systems in that the 
classification is based, not upon assumed soil-forming factors , but on 
the composition of the absorbing complex resulting from the effect of 
soil-forming factors. His system naturally does not include all soils, 

* See Vilensky, I),: Proceed, hit. Soc. Soil Bel., Vol. I. (1925), p. 224. 

f Bee Gkdroiz, K. K. : “ Der absorbierende Bodenkomplex ” (Tlx. Stein- 
kopff, Dresden and Leipzig, 1921). 
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for however characteristic the humus-zeolite complex may be of 
certain soils, there are nevertheless other soils from which that com- 
plex is altogether absent or in which the part it plays is relatively 
insignificant. 

The formation or destruction of the humus-zeolite complex is the 
basis also of the dynamic system of Stebutt.* Here, too, the pivot 
of the classification is Gebroiz’s absorption theory ; but, while Gedroiz 
developed the zeolitic theory more broadly, extending it to all known 
soil types, Stebutt finds means to include in his system also those 
soils in which there is no zeolite complex. As compared with Gedroiz’s 
system, Stebutt’s possesses the advantage of not fixing such rigid 
criteria for the saturation of the absorbing complex. In any case, 
one of the general fundamental principles of Stebutt’s genetic classifi- 
cation is that the phenomena found in nature cannot be regarded as 
absolute, but at all times only as relative. f 

In my opinion Stebutt’s dynamic classification of soils suffers 
from two defects: (1) the basis upon which the system rests pre- 
supposes many facts still to he proved; (2) although it embraces all 
known soils, it is nevertheless undeveloped as a whole. 

Of recent years an increasing number of American soil scientists 
have accepted the Russian system of classification; wdiile practically 
all the American pedologists are endeavouring to eliminate the general 
defects of the Russian systems referred to above. In Marbut’s soil 
system, for instance, we find the various Russian soil types; but the 
system is also developed in both directions (upwards and downwards) 
to contain seven categories, the lowest of wdiich (I.) comprises the 
soil units, the highest (VII.) comprising the main groups of the seventh 
category. J The essential difference between this system and that of 
the Russian school is that it bases the classification not on factors 
outside the soils, but on characteristics of the soils themselves. 

Marbut’s soil system is complete in its way, for it starts from the 
most general category and passes through several stages to individual 
local soils. It also differs from the older Russian system in that the 
classification is not based upon one or more soil-forming factors, but 
on the known soil types themselves. When the Hungarian edition 
of my book appeared we had only the rough draft of Marbut’s soil 
system. Now I have been able to procure his Atlas of American 
Agriculture, Part III., in which the whole system is worked out. 
The space available is too limited to describe and discuss this work 
in detail, but in describing my own system I shall refer to it where 
necessary. 

At the same time other American scholars published draft soil 

* See Stebutt, A.: “ Lehrbueh der allg. Bodenlehre ” (Gebr. Borntraeger, 
Berlin, 1931). 

t See the passage referring to this matter on p. 296 of Stebutt’s book, and 
also the footnote on p. 367. 

t See Coffey, G. N .: Dept, of Agrie. Bureau of Soils Bull., No. 85 (1913). 
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classifications apparently intended to reconcile the American system 
with that of the Russian school, though by making the definite 
characteristics of the soils serve as the basis of classification and not 
confining classification to a characterisation of the main types. A 
draft classification of this kind is Shaw’s, which attempted to systema- 
tise the soils of California.* The American scientists in general ac- 
cepted the genetic principle of the Russians, but very properly objected 
that a scientific system cannot be based on outside factors , the only 
rational basis being the characteristics of the soil itself. This point 
was stressed most emphatically by Rice, of the American Ministry 
of Agriculture. f Rice did not wish to disparage in any way the great 
significance attaching to a study of the genetic factors; all lie desired 
to do was to point out that only the peculiar characteristics attaching 
to the soil itself can serve as basis for classification, that being the method 
employed, in botany, zoology and mineralogy. 

It should be noted (as may be seen from what has been said above) 
that the Russians (c.r/. Gedboiz) have also recently reverted, to a 
system of classifi.cati.oii based upon the intrinsic properties of the soil, 
while most soil scientists find the Russian system hitherto in force 
to be unsatisfactory. A certain importance nevertheless attaches 
to all the various systems as having led us to regard the soil as the- 
result of the action of the various soil-forming factors. 

Not having found among the systems of soil classification so for 
known any which, while sufficiently comprehensive and based upon the 
characteristics of the soil , is nevertheless genetic and dynam ic in character , 
I have established a new system based on the results of leaching 
experiments.} I shall describe this system in the following chapters, 
at the same time characterising the best-known soil types. 


CHAPTER XII I 

THE GENERAL SOIL SYSTEM 

This system is based on soil characteristics which enable us to include 
alt 'known soils in a uniform soil system, characteristics which fairly 
reflect the present state not only of soil conditions, but also of the 
dynamic forces acting in the soil. In this respect it rests on a genetic 
basis. For if the present dynamics of the soil are similar to those 
which operated during its development, we have to deal with a well- 
defined soil type. If, however, the present dynamics of the soil 

* See Shaw, C. F.: Proe. Pap. I. Int. Congr. Soil SeL, Yol. V. (1928), p. 65. 

f See Rice, T. D. : Proe. Pap. I. Int. Congr. Soil SeL, Yol. V. (1928), p. 108. 

{ See Sigmund, E.: Math. Term. Tud. l5rt. (Math, and Natural Science 
Journal), Vol. XLIV. (1927), p. 510; Proe. Pap. I. Int. Congr. Soil Sci., 
Yol. I. (1928), p. 60. 
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tend in a different direction from before, we have to deal with soil 
metamorphosis and its various forms and stages, and it is the work 
of the soil expert to ascertain the real characteristics of the present 
dynamic conditions of the soil. For that reason this general soil 
system, though genetic in some respects, may also be called a dynamic 
soil system. 

The so-called “ zonal ” and “regional” soils are naturally all 
included in this system, and also the so-called f£ intrazonal ” and 
“ azonal ” soils which are in some respects independent of the external 
soil-forming factors. Thus this system deals not with zonal or regional 
soils, but with main groups, sub-groups, soil orders, main types, sub- 
types, local varieties, physical* and physiologic classes. These eight cate- 
gories form the eight stages of the whole system, not excluding, however, 
the further development of the system for purposes of more specific 
differentiation. The first stage of the system is the most general and 
the eighth the most special of the categories — i.e., the reverse of 
Marbut's system. The unit of each category is based on the same 
property — viz., the dynamic conditions of the soils. ..The most 
universal dynamic conditions determine the units of tk 
and the most specific ones those of the last stage. I dl scientists 
our general soil system resembles the known system* practically 
zoology and other branches of natural philosophy. T^ the general 
tion of the units of each soil category is done in all Marbtit’s soil 
accessible soil characteristics and not by external types; hut the 
climate, natural vegetation or topography. Though downwards) 
of our present knowledge does not allow us to builcf comprises the 
of the different stages of the system, the fram^nups of the seventh 
enough to embrace almost all future branches & g system and that of 
and worked out later on. Moreover, each s fication not on factors 
new units, and as the last stage is the me themselves, 
opportunity to enlarge the range of stages f or R starts from the 
greater specificity. In this way the whole stages to individual 
elastic — a property which is especially necessar n system in that the 
science such as modem pedology. ' forming factors, but 

Stage I. Main GrcMps . — All soils on the ea 
classified in three main groups according to the origin of their parent 
material: ‘ 

1. Organic soils. 

A. 2. Organic and mineral soils. 

3. Purely mineral soils. 

It may he noted that the group-characterising properties here 
and in the succeeding discussions are not strictly exclusive. For 
instance, in the organic soils, namely the various turf and peat soils, 
we shall always find some mineral element also, but the latter has 
no importance in the present dynamics of the soil . The most inde- 
pendent of the underlying parent rock is the high-moor land with its- 
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poor specific vegetation, living on almost pure rain water. The 
demand on nutritive materials being greater in the ease of low-moor 
vegetation, the mineral matter has somewhat more influence on the. 
formation and development of low-moors, but if the moor land is thick 
enough, the characteristics of the soils are also almost independent 
of the underlying parent materials. Consequently they also belong 
to the main group of organic soils. If, however, the chief character- 
istics of the soil depend on the inorganic constituents originating 
from the parent minerals, and the organic matter is merely a sub- 
ordinate element, the soil belongs to the second main group — be., it is 
of organic and mineral, or briefly, of mixed origin. To this main, 
group belong most cultivated lands. Finally, the third main group 
includes all the desert soils, which are entirely deficient in organic 
matter, due to the extreme climatic conditions— for instance, extreme 
cold or dryness which inhibits any vegetation. 

Stage II. Sub-groups . — These are based on the various dynamic 
conditions of the original soil-forming materials. Roth the organic 
and inorganic soil materials tend to decompose. The decomposition 
passes through various stages. In the decomposition of soil organic 
matter we may distinguish four phases: (T) the original, dead, raw 
material; (2) the insoluble product of humification; (3) the soluble 
or peptised humus materials; (4) the gaseous end-products (C0 2 , 
CH 4 , H 2 , NH 3s etc.) of the decomposition. As, however, in the case 
of organic soils the third and fourth phases in themselves are not soil- 
forming materials, the first main group may be divided into two sub- 
groups: (I) raw organic soils, and (2) humified organic soils. 

In the case of pure mineral soils we can distinguish three phases : 
(I). raw mineral soils, (2) pure weathered mineral soils, and (3) purely 
mineral soils infiltrated by some end-products (salts) of the weathering. 

i The greatest variation is found in the soils of mixed origin. For in 
this case the various stages of the soil organic matter decomposition 
coincide with the various stages of the mineral weathering. To 
characterise roughly the course of decomposition of the mineral 
matter I have found it best to distinguish three stages : (1) raw mineral 
matter, (2) siallites, (3) allites. The fundamental idea of this differ- 
entiation is that the first stage is the raw material itself; the second 
a well-defined intermediate stage, viz. the prevalence of siallitic 
material; and the third stage is the end-product of the weathering 
and leaching of the silicates — the so-called allites. By analogy with 
this idea we may distinguish the following three stages of decomposition 
k in soil organic matter: (I) raw organic matter; (2) humified organic 

matter; (3) the end-product of the decomposition of soil organic 
matter, viz. carbonic acid, in which stage the decomposition of 
organic matter in the soil, is so complete that practically no humus 
remains in the soil, all the carbon being transformed into GO r Theo- 
retically the combinations of the different stages of the two original 
soil materials can be very numei |>us. In nature, however, the de- 
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composition of both materials runs almost parallel, as may be seen 
from the following diagram : 

Raw organic Humified 

matter ' matter ' LU ‘ 2 * > 

Raw soils Humo- Ferric Alii tic 

of mixed siallitic siallitic soils, 

origin soils soils 


Raw mineral 
material 


Siallites 


-> Allites. 


In accordance with these combined phases the second main group 
may be divided into four sub-groups : 

1. Raw soils of mixed origin including all soils in which the de- 
composition of the organic and mineral materials was for some reason 
inhibited. 

2. Humus-siallitic soils, embracing most of the cultivated and forest 
land in temperate climates and representing mineral soils of siallitic 
character with a true humiferous horizon. 

3. Ferric siallitic soils characterised especially by the colouring 
effect of ferric compounds and a predominance of siallites. 

4. Allitic soils characterised especially by a predominance of allites 
(A1 2 0 3 , Fe 2 0 3 , combined H 2 0) and extreme leaching of bases. 

The soils of sub-groups 3 and 4 are found mostly in the sub -tropics 
and tropics. | 

To get a cfear" synopsis of the differentlati<j]yand chief characteristics 
of the main and sub-groups we may summarise our definitions as 
in Table XL. 

Stage III. Soil Orders . — While in the second stage we have classified 
soils according to their general dynamic conditions, in the third stage 
the classification is based upon the various specific features of the 
soil dynamics. The dynamic character of the soil may be defined by 
those physical, chemical and biological changes which have had, and 
still have, a decisive influence on the formation of the soil profile. 
For instance, the hydrogen of the absorbing complex plays a dominant 
role in soil formation in cases of acid soil leaching. If we consider 
those well-known soil ty]|4& in which soil formation is due primarily 
to acid soil leaching we find various soil types belonging to this category. 
It has therefore proved useful to group the well-known soil types with 
a similar dynamic character in the same higher stage of the soil system. 
Originally I called this category soil “ species.” But as this term 
has already a well-defined and narrower sense in botany and zoology, 
I have replaced it by the term soil tc order.” This category represents 
a kind of super-type, comprising some kindred soil types in a higher 
group based on their common dynamic character. This stage of 
my soil system is intermediate between the sub-groups and the main 
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TABLE XL 

Main Groups. Sub-groups. 

r 1. Raw organic soils, characterised by 
\ visible botanical structure of the 
I surface layer. 

| 2. Humified organic soils , the botanical 
structure of the surface layer 
l being invisible, 

3. Raw soils of mixed origin , in 
which decomposition of the raw 
materials is almost absent or the 
soil has no characteristic profile. 

4. Humo-siallitic soils characterised by 
various degrees of humification, 
and in the HC1 -extract SiO a ':AI a O, 
> 2 : 1 . 

5. FerriC'SiaUitic soils, the typical 
colour of the soils being due 
t o Fe a 0 3 - c o m p o u n d s , a n d 
Si0 2 :Al 2 0 a > 2:1 in the HO ex- 
tract. 

6. Allitic soils , characterised by ex- 
treme soil leaching and SiO a : 
A1 2 0 3 < 2:1 in the HOI extract. 

r 7. Raw, purely mineral soils, 

8. Purely mineral soils with initial 
weathering . 

9. Purely mineral soils encrusted with 
some end-products (salts) of mineral 
weathering, 

types. The more general dynamic standpoints are developed by 
further differentiation towards greater specificity, while the well- 
known soil types are grouped as main types in higher units according 
to their chief dynamic characteristics. 

We begin with the soil orders of sub-group 4 — viz., the humo- 
siallitic soils— because the bulk of the best-known soils belong to that 
sub-group. For the characterisation of these soils we have already 
abundant evidence showing that in the humo-siallitic soils the hiimo- 
zeolite complex plays the most prominent role. Gedroiz and Stebutt 
have built up their soil classification almost exclusively on the satura- 
tion conditions of this absorbing complex. According to my own 
experience the soils of the humo-siallitic sub-group may be divided 
into three well-defined soil orders — viz., calcium, hydrogen and sodium 
soils.* In the case of the calcium soils (Ca soils) the absorbed Ca 
cations and in the case of hydrogen soils (H soils) the absorbed hydrogen 
ions dominate the soil dynamics, while in sodium soils (Na soils) the 
absorbed sodium cation is sufficient to exercise a special effect on the 

* See Sigmond, A. A. J. de: “The Chemical Characteristics of Soil Teach- 
ings,” Proe. First Int. Congr. Soil Sei, Wash., 1927, Vol. I., p. 60. 


I. Organic soils , the organic matter 
(Cx 1*72) exceeding 25-30 per 
cent, and the depth of the 
organic layer 25-30 cm. 


II. Soils of mixed origin, the organic 
matter not exceeding 25-30 
per cent., and the depth of 
the surface layer, if organic 
itself, not exceeding 25-30 cm. 


III. Purely mineral soils , containing 
no living or dead organic 
matter. 


156 THE PRINCIPLES OF SOIL SCIENCE 

soils, most of which are known as alkali soils. By this I do not mean 
that we may not find other humo-siallitic soils in which, for instance, 
magnesium or potassium supplies some characteristic features, and in 
time we may be forced to include magnesium or potassium soils also 
among the soil orders of the humo-siallitic sub-group ; but before 
knowing better the characteristics attributed to these soils by some 
authors, we cannot accept them as soil orders. 

The best-known main type of the Ca soil order is the tschernosem. 
In tschernosem soils there are enough active Ca cations to determine 
the general dynamic character. The absorbing complex of the soil 
is nearly saturated, and the proportion of the exchangeable Ca cations 
is about 75-80 per cent, of the total equivalents of the exchangeable 
cations — viz., of the S-value of Hissink. We have found the same 
in the case of rendzinas, another main type of the Ca soil order. As 
will be seen later, we can at present include in this order eight different 
main types with the same dynamic character. 

The best-known main type of the H soil order is the common forest 
soil of temperate boreal climate. The general character of the dynamics 
of these soils consists in the active H ions exercising a dominant 
influence on the existing soil phenomena, giving to the soil solution 
a more or less acid character. In these soils the absorbing complex 
is more or less unsaturated and among the exchangeable cations the 
proportion of sodium is very insignificant. In the same soil order we 
may include all podsolised or degraded soil types, their absorbing 
complexes being also unsaturated, with the exception of the degraded 
alkali soils, which belong to the sodium soil order. 

The sodium soil order embraces all the alkali or salty soils of the 
humo-siallitic sub-group. The salty soils of the purely mineral main 
group are excluded on account of the absence of any humo -zeolite 
complex. In the case of true Na soils the sodium cations exercise 
a specific influence on the whole dynamics of the soils belonging to 
this order. The sodium cations in these soils are found either in the 
form of water-soluble sodium salts or in exchangeable form, or in both 
forms simultaneously. Apart from the predominance of sodium 
cations the absorbing complex may be saturated or unsaturated, the 
absorbed or exchangeable sodium exercising a far greater dispersing 
effect on the soil colloids than the absorbed hydrogen. 

In Table XLI. I have summarised the chief characteristics of the 
three soil orders discussed above. 

In the sub-group of ferric-siallitic soils, which are very frequently 
poor in humus, the dynamic conditions are not yet known as perfectly 
as in the soils of the humo-siallitic sub-group. The best-known soil 
order in this sub-group is the order of red earths, the literature of 
which is very rich. Nevertheless, we find many unsettled questions 
and contradictory statements, which make it difficult to give a clear 
characterisation of the soil dynamics of this soil order. The same 
might be said with even more emphasis about the brown earths and 
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TABLE XLI 



H-Soil Order. 

Ca- Soil Order. 

. Na-Soil Order . 

pH 

Below 6 -5- 7*0 

65-8*3 

6*5- 10-0 or more . 

Absorbing 
complex : 

U: nsatu rated ; ex- 
changeable Na 
insignificant. 

Saturated chiefly 
by Ca, partly by 

Mg- 

Exchangeable Na more 
than 12-15 equivalent 
per cent, of S- value, or 
the Na-salt content is 
higher than 0*15 per 
cent. 

Colloid dis- ! 
pension : 

■ Fairly stable. 

Unstable (coagvi- ; Stable, 
lated). 

G e n era! ! 
character 
of pro- 
files: 

ABC 

.. 

AC 

■ 

ABC 


yellow earths. All these three soil orders, however, are alike in being 
typical chromatic soils depending mainly on the differences of colour 
of the ferric iron in them, and upon the ratio of SiQ 2 : Al a 0 8 or the so- 
called Ki-value not being below 2. This means that though some allites 
may be present siallites predominate. The quartz content is not 
included in the Ki-value. Hence the Si0 2 : A1,0 3 ratio of the HOI 
extract determined by the van Bemmelen-Hissink method, now 
internationally accepted, is at present the simplest way to get reliable 
figures. Some workers determine the total chemical composition of 
the colloidal part of the soils and use the ratio of Si0 2 : A1 2 0 3 , calculated 
from the results of the fusion analysis of the colloidal fractions. If, 
however, we have no reliable evidence of the absence of fine quartz, 
felspars or other silicate minerals the various ratios may be mislead- 
ing. It is sometimes difficult to distinguish between the red and yellow 
earths respectively. Mar but places them in a common section;* lie 
remarks, however, that <4 the red or reddish soils occupy regions 
where drainage is good and where the water table lies many feet 
below the surface. Yellow soils occur predominantly on smooth relief 
where ground water stands at a depth of a few feet, usually immedi- 
ately below the solum or has stood at that position until a very 
recent geological date.” Marbut’s intention was to give some ex- 
planation of the genetic relations of the red and yellow soils in the 
United States of America. 

The allitic soils or allites are commonly known as laterites. In 
their outward appearance they resemble red soils, but in their chemical 
composition they differ fundamentally from the latter in that the 
* See M abbot, C. : “Atlas of American Agriculture,” Part III., p. 40. 
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Si0 2 and the bases in the allites are far more leached out than in the 
case of red soils. The Ki-value is usually far below 2 and the pro- 
portion of bases (Ca, Mg, K and Na) is very low. Hakrassowitz 
distinguishes two kinds of allitic soils or laterites according to whether 
the layer of decomposition is siallitic or allitic. In the same way I 
distinguish in the sub-group of allites pure allites and siallitic allites 
respectively. In addition to that we have some evidence of the 
occurrence of allites of grey colour due to the absence of iron. This 
group of allites forms the third order of the sub-group. 

It was not easy to differentiate the sub-group of raw soils of mixed 
origin. In his book Stebutt designates the raw soils as adynamic 
soils and distinguishes three kinds of adynamic soils — endo ecto- and 
pseudoadynamic soils. In the case of endoadynamic soils the chemical 
composition of the soil material in itself precludes any essential 
changes, while in the case of ectoadynamic soils the parent material 
is capable of chemical transformation, but external conditions prevent 
any changes. Finally, in the ease of pseudoadynamic soils the material 
of the soil is not adynamic in itself, but there has not been any oppor- 
tunity for the development of a typical soil profile. They are, there- 
fore, not real raw soils, but only pseudoadynamic. 

Summarising the soil orders of the main group of soils of mixed 
origin, we get the following scheme : 


Main Group II.: Soils of Mixed Origin. 


Sub-groups. 

Raw soils of mixed origin 
Hnmo-siallites . . . . 

Ferric -siallites 


Soil Orders . 

( Endoadynamic soils. 

- Ectoadynamic soils. 

I Pseudoadynamic soils. 

f Hydrogen soils. 

- Calcium soils. 

I Sodium soils. 

( Brown earth. 

~ Red earth. 

[ Yellow earth. 


f Pure allites. 

Allites . . . . . . . . . . • * ' Siallitic allites. 

I Bauxitic allites. 

In main group L, I have distinguished two sub-groups — raw organic 
soils or turf soils and humified organic soils or peat soils. Both are 
products of moor land and both are commonly spoken of as peat soils. 
It is, however, necessary to make the above distinction and to restrict 
the term “ peat soil ” to the narrower sense. Ordinarily peat soils 
are classified in two main groups of high-moor peats and low-moor 
peats according to the nature of the hydrophyte vegetation which 
has formed the peats. It is, however, essential from a pedological 
point of view to differentiate between a raw organic soil, which is 
still in a condition not yet far removed from unaltered moor land and 
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a humified organic soil, in which the original botanical structure is 
already indistinguishable owing to the advanced humification. 

Usually turf soils and peat soils are also grouped according to their 
botanical composition — viz., Sphagnum , Eriophorum , Scirpus , Car ex , 
Hypnum , heath, peats, etc. When we consider, however, that the 
botanical nature of the moor vegetation depends primarily on the 
nutrient conditions of all these hydrophytes, we may distinguish 
three grades: (I) hydrophytes living in water very poor in bases 
(Sphagmm and other high-moor vegetation), (2) hydrophytes 'preferring 
water rich in bases but not rich in sodium salts, (3) hydrophytes living 
in salt water. On this point the analytical data of Fleischer are very 
instructive.* 



Ash %. 

p.o* %. 

KaP % 

CM) %. 

N % 

Sphagnum turf 

20 

0*05 

003 

0-25 

0*8 

Heath turf 

3-0 

0*10 

0*05 

0*35 

1*2 

Low-moor turf 

10-0 

0*25 

0-10 

4-0 

2*5 


These figures are average values of numerous investigations, showing 
that the typical high-moor turf (Sphagnum) is very poor in comparison 
to low-moor turf in all plant nutrients and in ash content. Gully 
has studied f the different varieties of Sphagnem , and found that those 
living on high-moor lands are very poor, while those which thrive well on 
low-moor lands are relatively rich in nutrients and bases. This shows 
again that it is more accurate to speak of turfs poor and rich in bases 
respectively, than to use the botanical species as the group determinant . 

Accordingly, I have distinguished three orders in the sub-group of 
raw organic soils: (1) turfs poor in bases , (2) turfs rich in bases but not 
salty , (3) salty turfs. 

In the case of humified organic soils we have analogous groups, the 
difference between turfs and peats lying chiefly in the more advanced 
humification of the latter. It may be noted here that in any case the 
quality of the surface layer determines the designation of the organic soil 
orders, for it very often happens that in a profile of high-moor land the 
deeper layers are residues of low-moor land. We might also find under 
a humified organic layer (peat) a raw organic layer (turf). It is there- 
fore necessary to designate all organic soils according to the quality of 
the surface layer which determines the present dynamics of the soil. 

As those peats which are rich in bases are approximately saturated 
or neutral w r hile those which are poor in bases are unsaturated or 
acid peats, the analogous soil order of peats may be designated as 
follows : (1) unsaturatqd (acid), (2) saturated (neutral or slightly 
alkaline), (3) salty peats. | 

* See Bersch, AY. : Ztschr. Moorkult. Torfw., Vol. An (1907), p. 65. 

f See Gully, E. : Mitt. d. kgl. Layer. Moorkvdfuransta.lt (1913), No. 5. 

t The Sub-groups 1 and 2 correspond with the basic idea of Dachnowski- 
Stokes’s “ oligotrophia and “ eutropic ” main groups, which were described 
after my Hungarian book was issued. See Dachnowski- Stokes: “ Trans. 
Third Int. Congr. Soil Sei., ? ’ Oxford, 1935, Vol. I., p. 416. 
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It was not easy to classify the sub-groups of the purely mineral 
soils, as our knowledge of the desert soils is not sufficient for classifica- 
tion. The raw purely mineral soils are chemically undecomposed, 
only mechanically disintegrated. In this case, however, it is incorrect 
to use the terms common in mechanical soil analysis. These soils 
occur in three different climatic regions — viz., in arctic regions, in 
mountain regions of perpetual snow, and in tropical deserts. In the 
latter case the high insolation in the day-time and the cool nights 
act as strong dynamical disintegrating factors. In the arctic and 
snow regions ice has about the same splitting effect. In all these cases 
the mixed rock debris are mostly irregular angular pieces of varying 
size from large boulders to very fine dust. These are soils of mixed 
rock debris. If, however, some dynamic factors (wind or water) 
distribute the mixed debris into variously sized fractions, we may get 
soils of mineral grits or of fine mineral dust. It seems to me that at 
present it is sufficient to distinguish only the above three grades of 
raw, purely mineral soils. When we know more we may easily add 
some other grades. For a long time we did not believe that any 
chemical decomposition was effected in desert soils. Recently, how- 
ever, we have obtained evidence of an initial chemical weathering 
in some cases. There are desert soils in which a faint mobilisation 
of calcium, or else of silica, may be observed. These two soil orders 
represent subdivisions of the sub-group of purely mineral soils with 
initial decomposition. 

Finally, I have included in my system the purely mineral soil with 
salt incrustation. Some writers regard them as simple geological 
formations and not as soils. This question is open to dispute. Rut 
when we consider desert soils in the field of soil science, we cannot 
omit the salty representative of this group, which cannot be regarded 
as an alkali soil in the sense given above since it contains neither 
humus nor siallites. In this sub-group it may be sufficient to dis- 
tinguish two orders — viz., soils with easily soluble and soils with slowly 
soluble salt crusts. Summarising the soil orders of the whole third 
main group, we get the following scheme : 

Main Group III.: Purely Mineral Soils. 

Sub-groups v Soil Orders. 

f Soils of mixed mineral debris. 

Raw, purely mineral soils . . - ,, of mineral grits. 

1 „ of mineral dust. 

Purely mineral soils with initial f ■ „ in which the calcium ) is partly 
decomposition. \ „ in which the silica /mobilised. 

Purely mineral soils with some end- f ,, with easily soluble ) , , , , 

product of soil weathering. \ ,, with slowly soluble j sa CIUS 

If we consider now the geographical occurrence of the above soil- 
orders, we very often find that some of them occupy large areas — 
typical soil zones. As a rule the H soils are spread over humid climates, 
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the Ca soils in arid or semi-arid climates ; the red earths in humid tropics 
or sub -tropics, the laterit.es in humid tropics with intermittent dry 
periods; the sphagnum turfs are of frequent occurrence in cold, humid 
climates; the purely mineral soils, including all the seven soil orders 
characterised above, practically dominate the dry desert of the tropics. 

The correspondence with the climatic zones does not mean, however, 
that the soil orders include only zonal soils. For — as we shall see 
later — we find as a main type of the Ca soils the rendzinas, which are 
not zonal but azonal soils, their occurrence depending not oil climate 
but primarily on the quality of the parent rock. 

As regards the order of sodium soils — especially those which we 
generally call alkali, soils in t-lie broad sense — they may be regarded 
as zonal soils in so far as their formation depends primarily on the 
aridity of the climate. But the alkali soils form hardly continuous 
soil zones, occuring mostly scattered in various other soil zones of 
an arid climate. In this respect they are intrazonal soils. 

One great advantage of my dynamic soil system is that the . zonal , azonal 
and intrazonal soils are all included in it. The Marbijt soil system 
puts all the azonal soils in Category III .— Local Environment Group 
(Family Group) — developed by local rather than general environ- 
mental conditions. As we shall see later on, however, their dynamics 
may be as characteristic as those of the ci great soil groups ” of Marbijt 
(Category IV.). Moreover, as we have seen when discussing soil 
genetics, the parent materials, the orography and hydrography of 
the environment are also integral soil-forming factors, as much as 
climate or natural vegetation. Systematically it makes, therefore, 
no difference if in some cases climate and vegetation, in others the 
parent material or the orography and hydrography of the soil en- 
vironment, dominate soil dynamics. Differentiation of local and 
general environment groups is more geographical than pedological 
and leads to an almost complete neglect of the local environment 
groups. A result of this is, for instance, that in Marbijt Is “ Atlas 
of American Agriculture,” Part III., among the soils of the United 
States we find neither the typical alkali soils of the west and south, 
nor the widely spread peats and turfs of the north and east, lii the 
work recently issued by Jacob S. Joffe* the various types of sodium 
soils (soionchak, solonetz, solodi), redzinas, etc., are put in one section 
as intrazonal soils. Thus the rendzinas are included in the same 
group as the various littoral soil formations (marsh soils), the alluvial 
soils, and the alkali soils. Soils of very different dynamics are in- 
cluded here in one and the same group, and are widely separated from 
those naturally related to them. 

Again, in Chapter XIV., Joffe treats quite separately bog and 
marsh soils which roughly coincide with my Main Group I. — 'Organic 
soils— though he treats them quite independently of other soil types 
and does not connect them systematically with, any other group. 

* See Joffe, Jacob S. : 4 “ Pedology A New Brunswick, N.Y., 1936. 
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In my dynamic soil system we find no isolated soil groups to be treated 
on a different basis from others. In all stages of my system the 
distinctions are based on the principal dynamic character, and are 
systematically graded in eight categories or grades. 

To give a clear survey of the continuity of the three highest stages 
of my dynamic soil system I have constructed in Table XLII. a 
genetic tree of the main groups, sub-groups and soil orders. 

TABLE XLII 

Stage I. Stage II. Stage III. 

Main Groups. Sub-groups. Soil Orders. 


1. Organic Soils. 


f 1. Raw organic soils- 
i.e. 9 turfy soils. 


r 1 . Turfs, poor in bases, 
j 2. Turfs, rich in bases but 
not salty. 

[ 3. Salty turfs. 


2. Organic Mineral 
Soils. 


Humified organic soils 
— i.e., peat soils. 


3. 


Raw organic 
soils. 


mineral 


4. Humic siallites. 


5. Ferric siallites. 


6. Allites. 


t 


l 


4. Acid peat soils. 

5. Neutral peat soils. 

6. Salty peat soils. 

7. Endoadynamic soils. 

8. Eetoadynarnic soils. 

9. Pseudoadynamic soils. 


( 10. Hydrogen soils, 
j 11. Calcium soils. 
1/12. Sodium soils. 


[18. Brown earth. 

~ 14. Red earth. 

115. Yellow earth. 

[16. Pure allites. 

J 17. Siallitic allites. 

I 18. Bauxitic allites. 


/ 7 . 


3. Purely Mineral 
Soils. 


\ 


Raw mineral soils. 


8. Mineral soils with 
some decomposition. 


9. Mineral soils with the 
end-products of de- 
composition. 


/ 19. Soils of mixed rock 
I debris. 

i 20. Soils of mineral grits. 

21. Soils of fine mineral 
■ dust. 

"22. The calcium of the 
m i n e r a 1 matter 
partly mobilised. 

23. The silica of the 
mineral matte r 
l partly mobilised. 

I 24. Soils with easily 
j soluble salt crust. 

25. Soils with slowly 
' soluble salt crust. 


1 
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At the Third International Congress of Soil Science in Oxford, 
1.935, I submitted a method by which we can determine the position 
of each soil in this scheme.* 1 hope I shall shortly be able to publish 
this soil register in English ; it is helpful not only to soil surveyors and 
soil experts, but also to soil collections and soil museums. 


CHAPTER XIV 

CHARACTERISATION AND FURTHER CLASSIFIOATION OF 
SOIL TYPES (STAGES IV., V. AND VI. OF THE SOIL 
SYSTEM) 

The position in the soil system of the various soil types is analogous 
to that occupied by the various kinds of rock (granite, liparite, 
traehite, etc.) in petrography. For just as a comparison of the 
peculiarities of the various kinds of granite enables us to give a general 
characterisation of that rock on the basis of its minerals and their 
crystalline structure, so we have been enabled with the aid of character- 
istics common to similar soil formations to determine certain soil 
types which may be grouped in higher units — main types — differen- 
tiated by their outer and inner properties. Main types of this kind 
are, for instance, tshernosems, forest soils, laterites, alkali soils, peat 
soils, etc. These main types do not represent the simplest units of 
the soil system; but a similarity of chemical properties lends them 
common characteristics that enable us to form a definite conception 
of the ideal example of each soil type. 

In the three stages of the soil system already discussed we employed 
only the most essential genetic and dynamic properties for their 
characterisation and delimitation. In the first stage the distinguish- 
ing criterion was a common chemical (dynamic) character of the original, 
raw material; in the second stage soils were grouped according to 
variations of the parent material; and in the third stage by the re- 
sultant effects of the dynamic changes. However, all these theoretical 
criteria were so far removed from the soil itself that it would have been 
difficult to characterise the order by a profile description, not to 
mention that an individual soil order often comprises a whole series 
of soil types connected only by some common properties of a general 
and higher character. The Ca soils, for instance, include tshernosems, 
brown and light-brown steppe soils, rendzinas, sub -tropical and tropical 
black soils, etc. These are soil types rather different in appearance 
and composition ; but they have in common that they are all approxi- 

* See Sigmond, A. A. J. be: Trans. Third Intern. Congr. Soil Sei., Oxford, 
1935, Yol. L, p. 334; and Magy. Tud. Akadernia Mat. Term. Tud. Ert., Vol. 
LI V. (1936), p. 894. 
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mately neutral or saturated soils, and that in their absorbing complex 
the chief role is played by the Ca cations, this circumstance determin- 
ing all the changes ensuing in the soil — in other words, its whole 
dynamic system. This is true, not only of the tshernosems, but of 
all the other soil types mentioned above, which cannot be regarded 
as so many sub-types or variants of the tshernosem main type. This 
fact is most patent in the case of the rendzinas. It was thus necessary 
to group the soil types first in higher stages — viz., soil orders, which 
are something like super-types. 

In the present chapter we shall characterise the soil types by 
detailed descriptions of the main types, though the main types them- 
selves require to be further subdivided into sub-types and local types 
or varieties. For that reason it will be expedient to treat each of the 
main types in combination with its sub-types and local varieties. 
In the case of tshernosems, for instance, after describing the funda- 
mental characteristics of the main type itself, we shall proceed to deal 
with sub-types of the various regions or soil zones and with the 
peculiarities of the various local occurrences. It is expedient to treat 
all three stages together, if only because all three stages demand a 
detailed description of the respective soil profiles. 

Consequently, in the following pages we shall deal with the character- 
istic main types of each soil order separately as Stage IV., and then 
with the several sub-types of each main type as Stage V., and finally 
with the local varieties as Stage VI. of my soil system. Each section 
of the present chapter treats of all the types comprised in one of the 
soil orders. 

The characteristics of the main types will be grouped as follows: 
(I) genetic, (2) dynamic, (3) chemical, (4) physical and morpho- 
logical, (5) biological. This facilitates a systematic comparison of 
the several main types. I should emphasise that we ought to use 
positive characteristics — such as are observable in the type itself — 
for the purpose of determining the genetic, dynamic and biological 
properties of the soil, just as we should use actual analytical or experi- 
mental data in determining the chemical and physical properties. 

Soil Order 1 : Turf Soils Poor in Bases 
(Main Type : Sphagnum Turf Soils, Raw or Turfy High-Moor Soils). 

Genetic Characteristics . — In turf soils the development of the genetic 
characteristics is apparent to the eye, and the best method of ascer- 
taining the origin of a turf soil is to make a botanical analysis of its 
profile. Genuine sphagnum turf is not formed except in conditions 
of excessive humidity in places where the stagnant water is poor in 
plant foods. It is formed in particular where the precipitation water 
— which in itself is poor in nutrients — accumulates and where the 
subsoil in which the water collects is also poor in plant foods. The 
shortage of nutrients may be either due to the climate being a cold 
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one or to the poverty of the parent rock. But it may happen that in 
the beginning a low moor is formed which then exhausts the nutrients, 
thus forming the basis upon which a sphagnum, turf, soil can form. 
The former ease is common in arctic or eoid climates and high 
mountains, while the latter is found also in temperate cl.ima.tes. 
Ramann points out that sphagnum turfs are characterised by a plant 
association of arctic origin, and it is useless to look for these soils in 
warmer regions or climates. In this respect the sphagnum turf soils 
may be regarded as zonal or regional formations, confined as they are 
to humid and cold climates. At the same time, they are local forma- 
tions, for they do not develop except where excessive water (pre- 
cipitation, ground water, stagnant or slowly running water) accumu- 
lates for some local reason. 

The vegetation of high moors is composed of various species of 
Sphagnum,. These plants dq not require much nutrition, only an 
abundance of moisture, which their peculiar structure enables them to 
suck up like sponges. The Sphagnum, cover is highest in the middle, 
flattening and spreading over the edges of the original moor. This 
increase in area of the high moor continues until its source of moisture 
for some reason or other is exhausted. In older moors we find some- 
thing suggesting such periodical exhaustions — the so-called humified 
horizon , which is found as a layer in the sphagnum turf and denotes 
the temporary suspension of the growth of mosses and the first stage 
of decomposition. 

Where, for some reason or other, a moor dries up, the mosses 
gradually perish, their place being taken by other plants, such as 
heath or heather ( Calluna , Erica ) or certain species of conifers, which 
have low nutrient requirements. 

Dynamic Characteristics . — Since fresh turf soils are practically 
adynamic, the only question arising here is as to the degree of decom- 
position. A living moorland itself is only relatively adynamic; for 
its upper, living horizon is the scene of constant biological changes. 
The adynamic character of turf soils consists mostly in the relative 
resistance of the organic matter, which is. due solely to external cir- 
cumstances and not to a lack of inner energy. For when a turf soil 
is exposed to favourable conditions decomposition of organic matter 
proceeds rapidly. The adynamic character of turf soils is due to the 
joint influence of the excess of water, complete exclusion of atmo- 
spheric oxygen and the lack of the microflora essential to the decom- 
position of organic matter. If, however, we drain off the surplus 
water without drying the sphagnum turf excessively, at the same time 
liming and manuring it and providing also for an artificial increase 
of bacteria, the most unyielding turf soil soon becomes humified' — -in 
its upper horizons at least — into a peat soil. 

The bleached or bluish grey colour of the subsoil of moor lands, 
which soon turns brown on contact with the air, is attributable to 
reduction and, leaching processes. These processes should not be 
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confounded with the process (podsolisation) producing the ashen grey, 
bleached forest-soil lawyers. The latter is the result of acid leaching; 
while in the former case, though there is certainly leaching, the ex- 
periments of Ballenegger* and Glinka f have shown that, although 
the reaction of the upper horizons of sphagnum turf soils is acid, in 
the lower horizons it becomes alkaline. This peculiar bleached layer 
the Russians call tc gley.” “ Gley ” is not necessarily clay or clayey; 
it is merely the result of the reduction and alkaline leaching processes 
taking place under moors. According to Glinka not all turf soils 
contain a gley horizon, but only where the ground water has risen to 
the surface.;!; Therefore, though a gley horizon is characteristic of 
turf soils, it is not universal in them. 

Chemical Characteristics. — The principal chemical characteristics of 
sphagnum turf soils are their low ash and plant nutrient contents, 
which differentiate them clearly from low-moor turfs, as we have 
already pointed out. 

Physical Characteristics. — A characteristic property of turf soils in 
general is their high -water-absorbing capacity. On account of its 
finer structure, high-moor turf has a much greater water-absorbing 
capacity than low-moor turf. Fresh sphagnum turf, for instance, is 
able to absorb a quantity of w ? ater twenty to twenty-four times its 
own weight; low r -inoor turf, on the other hand, can absorb only ten 
to twelve times its weight of water. It is wrong to suppose that turf 
is w r ater-permeable ; this is true only of turf in a dry state before .it 
has taken up a sufficient quantity of w r ater to make it swell. When 
wet, it is a bad conductor of wrater. The other outstanding physical 
property of turf soils is that they are bad heat conductors, this being 
the cause of the frequent damage by frost observable in early spring 
and late autumn. This phenomenon w 7 as previously attributed to 
the brown or black colour of the turf rendering its surface more 
sensible to temperature changes, but Wollny showed that in the case 
of drained moors the night frosts experienced in spring are due in 
particular to the rapid cooling of the surface — a process accelerated 
by the rapidity of evaporation not being counterbalanced, or only 
slowly, by the warmth of the deeper horizons. As another result of 
the poor heat conductivity, turf soils standing in water freeze even 
in severe winters only to a depth of 30-40 cm. 

A characteristic property of turf soils is the high value of their 
heat of wetting (Benetzm gswarme), as shown by Mitscherlich. 
According to data supplied by Bersch, a comparison of the heats of 
wetting of turf soils with those of other soils determined by Mitscher- 
lich show's the following figures : 

* fee Ballenegger, R. : “A lapok alatt vegbemeno m&llasrol ” (Foldtani 
KOzL, 1918, Yol. XL VIII., p. 13). 

f Bee Glinka, K.: “Typen der Bodenbildung ” (Gebr. Borntraeger, Berlin, 
1914), p. 161. 

X See Glinka, K. : Ibid., p. 160. 


CHARACTERISATION AND CLASSIFICATION OF SOIL TYPES 167 


Heat of Welting of 1 
Turf soil 
Garden soil 
Humiferous sand 
Sand. 

Clay soil 


Gramme Soil in Gramme -Calorie. 


22*86 

:m,5 

cm 

0*38 

M2 


The high value indicated in the case of turf soil naturally varies 
with the kind of turf; but it deviates so considerably from the values 
for ordinary mineral soils that it would be worth while to employ 
the above figures to try to determine the line of demarcation between 
turf or peat and mineral soils. Another point of interest ascertained 
by Mttsch erlich is that the heat of wetting of fresh turf is less t han 
of decomposed — humified or carbonised — turf as is shown by the 
following figures : 


Crude fibre 
Brown coal 

Humus of freshly manured soil 
Humus of turf soil 


17*0 calories. 

28*5 

34*0 

47*0 


It is quite possible that in this way we may he able to arrive at 
values showing the degree of humification. 

Morphological Characteristics . — The deeper the mineral matter of 
moor land, the less does the development of the turf soil depend on 
that mineral matter. The extent of this dependence must decide 
whether we should include a soil among the organic soils or among 
the soils of mixed origin. According to Weber’s definition, turf or 
peat soils in the dry state must have a layer of turf visibly free of mineral 
matter at least 20 cm. deep. If we accept this definition, for the moment, 
we must include all soils the true turf layer of which in the dry state 
does not extend 25-30 cm. downwards in the group of soils of mixed 
origin. 

Biological Characteristics. — Turf soils in general are, if we ignore 
the surface vegetation, biologically inactive. This is particularly true 
of sphagnum turf soils, the poverty of winch in nutrients in any case 
prevents their feeding any vegetation but mosses, which have very 
low nutrient requirements. 


Stage V . : Sub-Types of Sphagn um, Turf Soils. 

It will be best to continue the classification of sphagnum, or high- 
moor' turf soils on a botanical basis. Theoretically this may be done 
in two different ways: (I) by botanical analysis of the sphagnum turf, 
or (2) by the character of the vegetation at present living on the soil. 
Accepting the latter method as the ' simpler, and as expressing best 
the present dynamic conditions, we may for the moment adopt the 
classification suggested by Tolf:* 

* See Tolf, R.: Verb, d. II, Intern, AgrogeoL Konf. Stockholm (1911), p. 170, 
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(1) Sphagnum turf soils on which the living vegetation is moss. 

(2) Sphagnum turf soils with Eriophorum vaginatum vegetation. 

(3) Sphagnum turf soils with Scirpus ccespitosus vegetation. 

(4) Sphagnum turf soils overgrown with shrubs (including heath 
soils). 

(5) Sphagnum turf soils covered with trees. 

(6) Sphagnum turf soils with mixed vegetation. 

(7) Sphagnum turf soils with lichens and mosses. 

(8) Sphagnum turf soils with Scirpus and mosses. 

This naturally does not exhaust the characteristics of these several 
sub-types. In time, perhaps, we shall have at our disposal a dynamic 
basis of a more satisfactory character for the further classification of 
sphagnum turf soils. 

Stage VI.: Local Varieties of Sphagnum Turf Soils. 

Details of the following local conditions are required : 

(1) The local position of the soil (in order to differentiate between 
turf soils of depressions, valleys or hill-slopes). 

(2) The prevailing, and if possible the past, hydrographical 
conditions. 

(3) The prevailing climatic conditions. 

(4) An exhaustive botanical description of the whole turf profile. 

(5) A description of the mineral subsoil. 


Soil Order 2 : Turf Soils Rich in Bases hut not Saline 
(Main Type : Low-Moor Turf Soils). 

Genetic Characteristics. — It is only in regions rich in nutrients that 
the shore vegetation that forms the low-moor soil (rushes, sedges 
and reeds) makes its home. 

Low-moor land is usually found where the local and hydrographical 
conditions cause the ground water to stand continuously so high as 
to cover the surface of the soil. Where this only happens periodic- 
ally, only water-logged meads, thickets, etc. — called u swamps ” 
or cc bogs,” to distinguish them from moor lands — are formed. In 
swamps there is nothing to prevent a process of development of moor 
land; a considerable quantity of organic material becomes mixed 
with the mineral soil, though the result is never typical organic soil, 
for the vegetation of a swamp which periodically dries up dies out, 
and mixing with the mineral soil produces a soil of mixed origin, 
such as, for instance, the soil of wet meadows, which belongs to 
Main Group II. 

When we investigate the circumstances and possibilities of forma- 
tion, we find the contrast between high-moor and low-moor land to 
lie in the fact that the latter may occur in practically all climatic 
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zones — even in the torrid zones — -where the ground water continuously 
covers the surface and is not excessively poor in nutrients ; while high- 
moor land occurs only in the more humid and cold zones and regions. 
Low-moor lands reach the culmination of their development when 
the open water is completely grown over. From that point low- 
moor lands cease to develop and either change into forest moors and 
high moors or begin to dry up, gradually changing into meadows or 
swamp meadows. In these, desiccation is soon followed by a corre- 
sponding decay of organic matter, the upper turfy layer being rapidly 
humified, producing peat soils (in the above sense of the term) which 
are more or less saturated with bases (see Soil Order 5), Low-moor 
soils belong to this soil type, therefore, only so long as their upper 
horizons in the dry state show a character .corresponding to that of turf 
as generally described — i.e., possessing a botanical structure risible with 
the naked eye — to a depth of at least 25 cm. 

There are other methods of defining turf types. In Sweden, for 
instance, non-liumified turf is defined as turf out of which, when 
squeezed with the hand, there oozes an almost colourless water, the 
turf remaining in the hand. The liquid pressed out of well-humified 
turf soils, on the other hand, is brown, and practically the whole of 
the turf material oozes through the fingers in the form of pulp. The 
brown liquid and the pulp both stain the hands badly, and all that 
can be discovered with the aid of a magnifying glass in the material 
left behind are a few remains of leaves or seeds.* 

9 Here, too, it is the botanical examination of the profile that gives 
us the best idea of the origin of the whole turf soil. 

Dynamic Characteristics . — The several layers of turf are also approxi- 
mately adynamic — ectoadynamic, to use Stebutt'S term, because 
external factors prevent the rapid decomposition of the turf. These 
factors are the excessive moisture and the complete lack of oxygen. 
However, as soon as the upper layer dries up, the aerobic decom- 
position of organic matter begins. Indeed, the process begins much 
sooner than in the case of high-moor turf, for low-moor turf is both 
looser in structure than high-moor turf and also contains more bases, 
thus being more favourable to the development of a bacterial flora. 
The formation of gley in the subsoil is of more frequent occurrence 
than it is in high-moor turfs, for the subsoil remains under water 
until the whole layer of turf has dried up. 

Chemical Characteristics . — These characteristics' have already been 
described when comparing them with those of high -moor turf soils. 
We have seen that low-moor turf soils have an ash content very much 
greater than high-moor turf soils. The base content is also high, 
a, rid consequently low-moor turf soils are usually by no means un- 
saturated' — i.e., their reaction is not acid, but neutral or slightly 
alkaline. 

* See Haglthstd, E.: Verb. II. Intern. Agrogeol. .Koiiferenz, Stockholm 
(1911), p. 173. 
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Physical Char ad eristics. — These are, in general, the same as in the 
ease of high-moor turf soils. There is, however, a difference; for as 
a consequence of their coarser structure the low-moor turf soils have 
a smaller water-absorbing capacity, and being worse conductors of 
heat they are still more liable to suffer damage by frost than high-moor 
turf soils. 

Morphological Characteristics. — The low-moor profile is as a rule 
layered as illustrated in Fig. 15, in which layer a represents the mineral 
subsoil, layer b the organic mud at the bottom of the moor, layer 
c a sedge-turf layer, and layer ri a reed-turf layer. 

Biological Characteristics. — In these soils we do not find so much 
biological inactivity as in high-moor turf soils. A point particularly 
worth mentioning is that under favourable circumstances the nitrogen 
compounds in low-moor turf soils rapidly decompose, very much to 
the advantage of the meadow plants. There is also a much more 
plentiful amount of phosphoric acid, potassium and calcium for the 
use of the meadow vegetation. A properly drained but not excessively 
desiccated low-moor turf soil is soon converted into valuable meadow 
and pasture land much more suitable for agriculture than any high- 
moor turf soil. 

Stage V Sub-Types of Low-moor Turf Soils. 

For these soils Tolf has supplied the following classification of 
sub-types based upon differences in the living vegetation of the 
surface :* 


(a) Grassy Low- 

(b) Mossy Low- 

(c) Shrubby Low- 

(d) Forest Low - 

moor Turf Soils . 

moor Turf Soils. 

moor Turf Soils. 

moor Turf Soils. 

A. True Forms: 

Hifpnum 

Shrubs and 

A. Deciduous Trees : 

1. Car ex (sedges). 

(mosses). 

heath. 

1. Birches. 

2. Claudium. 



2. Poplars. 

3, Molinia . 

4. Equisetum. 



B. ConiferousTre.es: 

B. Mixed Forms: 



3. Spruces. 

4. Canadian pines. 

5. Grassy and 



5. Mixed conifer- 

leafy meadow 



ous and deci- 

vegetation. 

6. S p h a g n u m 



duous trees. 

mixed with 1, 

3 and 4. 


: ■■ 1 



* See Tolf, R. : Verh. d. II. Intern. Agrogeo 1. Konf., Stockholm (1911), 
p. 170. 
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Stage VI. : Local Varieties. 

Here, too, we must take into account the same points as in the case 
of high-moor turf soils (q.v.). 

Soil Order 3 : Saline Turf Soils. 

As things stand today, I am unable to characterise any definite 
type, since at present I do not know of any organic soil which lias 
originated in salt water and constitutes a soil as really organic as the 
fresh-water turf soils. Theoretically we may, however, assume that 
there may be conditions tending to produce this kind of soil. The 
littoral, so-called “ marsh. ” or “ Kvelder ” soils cannot be described 
as pure organic soils, as they really belong to Main Group II. — soils 
of mixed origin. 

Glinka,* however, notes that in the tropics Mohr found littoral 



organic soils resembling our turf or moor soils. These soils occur 
in the deltas of rivers in places where there is an accumulation of 
salt water mixed with fresh water unaffected by the action of sea 
waves or by any silting process. 

Under similar circumstances we might theoretically expect the 
formation of saline low -moor land, not only in the tropics but also 
in cooler zones. Indeed, saline low-moor land might be formed also 
in the interior of continents as a consequence of shallow' salt lakes 
being grown over. 1 believe there can be no doubt that the low- 
moor lands found in alkali and saline territories include such soils, 
only we are not yet familiar with them. 


Soil Order 4 : Peat Soils Unsaturated or Acid owing to a Lack of Bases 
(Main Type : Acid High-moor Peat Soils). 

This type of soil is in reality the humified form of the main type 
of Soil Order 1— of Sphagnum Turf Soils. Genetically it therefore 
corresponds to the latter, the only difference being that in a layer 

* See Glinka, K.: “Typen d. Bodenbildung ” (Gebr. Eorntraeger, Berlin, 
1914 ). 
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of the upper horizon at least 20 cm. in depth (corresponding to a depth 
of about 30 cm. in the moist state, allowing for shrinkage on drying) 
it is impossible with the naked eye to detect the vegetable structure. This 
order therefore includes all the mossy peat soils which are already 
dead — i.e., all those lands where the formation of peat has long 
ceased either as a result of artificial draining or by natural desicca - 
tion. A large proportion of the high-moor peat soils at present or 
at some previous period used as pastures or meadows, or actually 
under agricultural cultivation, are of a kind justifying us in including 
them among acid peat soils in the narrower sense of the term. How- 
ever, since this soil order has so far been studied rather with a view 
to its practical exploitation (peat production, agrarian reclamation), 
and in most cases not at all from a pedological point of view, I am not 
in a position to deal with the characteristic main type of this soil order 
or with its further classification, and shall therefore refer my readers 
for general points to the section on Sphagnum Turf Soils. What 
w r as said there may serve here too by way of general information, 
but as most of the peat soils under cultivation belong to this order, 
and as cultivation always materially changes the dynamic system of 
the whole soil, the cultivated acid peat soils may be grouped accord- 
ing to the method of improvement employed. There are methods 
of improvement which do not interfere with the structure of the 
original peat soil, merely improving the original vegetation by suit- 
able fertilisation, liming and the sowing of grass seeds. But this 
external improvement causes a whole series of internal changes. We 
need only think of liming and the provision of supplementary nutrients. 
The peat soil which was originally poor in nutrients and acid in 
character becomes richer in nutrients and approximately neutral. 
The most radical change is, however, caused by the draining off of 
the surplus w-ater, a process which promotes the entry of air. This 
is still further increased by ploughing the upper soil and other loosening 
processes. Even today there are places where peat is burned. In 
this case, however, the utmost caution must be observed and care taken 
to provide that the ash. and the peat residue shall combine to form 
a fertile layer. In other places improvement is effected by digging 
ditches (Rimpaxt’s method) and covering with sand. In many dis- 
tricts in Holland the intermediate peat layers suitable for use as fuel 
are removed, the upper barren layer being mixed with the sand of 
the lower layers. All these methods induce changes in the dynamic 
system of the original soil of such far-reaching character that it would 
be w T orth while to undertake investigations into those changes and to 
group cultivated peat or turf soils from that point of view, such 
grouping being apparently merely practical, but nevertheless pedo- 
logical too. For it would be a mistake to assert that soils improved 
in this way are not soils or at best unnatural soils. It is impossible 
to exclude from pedology improved soils or soils generally which 
have been subjected to cultivation. Human knowledge and human 
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ambition are also able to change and transform other natural soils 
so radically as to make it ■ necessary to include them in other orders. 
We need only think of the improvement of alkali soils or of the liming 
of acid soils. This interference is not indeed so radical as that of the 
Dutch 44 legmoor system,* 5 but in time the dynamic trend of the soil 
ultimately changes radically even in t-lie case of the mineral soils 
already referred to. The only difference is that in the case of organic 
soils the change is much more rapid and much more far-reaching. 

Soil Order 5 : Neutral or Slightly Alkaline Peat Soils Approximately 
Saturated with Bases 

(Main Type: Neutral Low-moor Peat Soils). 

These are humified soils of the main type of Soil Order 2 — the Low- 
moor Turf Soils. On account of the richness in nutrients and bases 
of the original turf soil, these soils very rapidly become active under 
both artificial and natural conditions — viz., as soon as the overgrown 
meadow moor begins to dry up and gets air. Human intervention 
may here also induce such radical changes as to bring about a com- 
plete transformation of the original dynamics of the soil. 

For other information I refer the reader to what I said about the 
main type of Soil Order 4. 

Soil Order 6 : Saline Peat Soils. 

I have nothing to add about these soils to what has been said in 
the case of Soil Order 3. 

Soil Order 7 : Endoadynamic Soils of Mixed Origin 
(Main Type : Endoadynamic Skeleton Soils). 

Genetic Characteristics . — This order includes those soils which have 
originated exclusively by physical weathering and have been deprived 
of the finer parts most liable to chemical weathering partly by wind 
action and partly by erosion. In ' this respect they are therefore 
eluvial soils. The parent material has remained in the form of boulders 
and gravel, as these fractions are better able to resist physical weather- 
ing than the finer fractions which have been transported. Even 
water does not remain on the rough boulders in sufficient quantity 
to cause hydrolysis of the silicates. 'The parent material of these 
soils is rock debris, gravel and quartz sand. 

Dynamic Characteristics. — A characteristic feature of these soils as 
contrasted with others is that they are practically inactive, not 
because there is a lack of external soil-forming factors, but because 
the parent material itself is highly resistant. Consequently, skeleton 
soils of this kind are not confined to a certain climate or zone, but may 
occur in all regions where the conditions governing physical weather- 
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ing and wind and water erosion are favourable. Very frequently 
they are free of organic matter, and therefore belong to the raw soils 
of Main Group III. But certain plants very soon attack even the 
hardest rock, with the result that where the climate is humid enough 
to allow of the development of plants with low nutrient requirements—* 
such as mosses and lichens — there is a certain accumulation of raw 
organic matter. 

Chemical Characteristics. — Chemical weathering is of a very re- 
stricted character, for the minerals constituting soils of this kind — 
e.g., pure quartz sand, quartzite sandstone — are all resistant against 
chemical decomposition. 

Physical Characteristics. — The material of these soils is composed 
of skeleton particles of various sizes, from coarse sand to big boulders. 

Morphological Characteristics. — These soils have no special structure. 

Biological Characteristics. — In these soils only plants with very low 
nutrient requirements (e.g., lichens and mosses) can live. 

Stage V. and Stage VI. 

(Sub-types and local varieties of the endoadynamic soils of mixed 

origin are unknown.) 

Soil Order 8 : Ectoadynamic Soils of Mixed Origin 
(Main Type 1 : Arctic, so-called Structural Soils). 

Genetic Characteristics. — These soils resemble those of Order 7 in 
having originated exclusively by the action of physical weathering 
and dynamic disintegration and are, chemically speaking, practically 
adynamic. The inactive character of these soils, however, which are 
formed in arctic climates, is due to the action of external factors. 
For in arctic regions the upper crust of the earth is either perpetually 
frozen and covered with ice, or at most periodically thaws down to 
a shallow depth. In the latter case we find physical weathering 
and also — as shown by recent researches* — some primitive chemical 
decomposition. In regions covered by eternal ice and snow there is 
naturally no soil formation at all; but where, in the sunny summer 
months, the soil thaws to some depth at least, the rock debris pro- 
duced primarily by physical weathering may serve as soil for certain 
plants. However primitive the course of the weathering may be, 
the fact that the primary vegetation— the phytosphere — enters the 
lithosphere is in itself clear proof that soil formation has begun. 

The origin of the structural soils is explained as due first to the 
process of re-gelation making the frozen debris push aside the coarser 
pieces and secondly to the particles thus separated being arranged 
by soliiluction in keeping with orographical conditions. f 

* See Meinardus, W. : “ Arktische Boden ” (Blanek’s “ Handbuch d, 
Bodenlehre.” J. Springer, Berlin, 1930, VoL III., p. 54). 

f See Meinardus, W. : op. cit p. 8. 
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Chemical Characteristics. — It was formerly believed that in arctic 
soils there is no chemical weathering. However, experiments made 
by Blanck* with Spitsbergen soils have shown that even in these 
soils there is a certain chemical change restricted almost exclusively 
to the oxidation, and partial leaching of ferrous ' oxide and to the 
leaching of calcium and magnesium carbonates. 

Physical Characteristics. — The physical arrangement of structural 
soils is not homogeneous, for the debris of the variously shaped 
boulders is much coarser than the . material ; surrounded by them. 
But clay is never found, indicating that where soils of this kind occur, 
the weathering does not favour the formation of clay, or even if a. 
small quantity is formed it is carried away by the rivulets created 
by the melting of the snow. 

Morphological Characteristics. — The morphology of struct oral soils 
refers only to the surface horizon. 

Biological Characteristics. — All that our inadequate k now - 
ledge enables us to state is that on the rough boulders lichens and 
mosses live, while the finer debris within the boulders is usually 
lifeless. 

Stage V .; Sub-Types of Arctic— so-called Structural — Soils . 

Mein audits distinguishes the following varieties, which we may 
accept as the sub-types of the main type of the structural soils :f 

Sub-Type 1: Wreath - or Ring-shaped Heap of Stories. 

Sub-Type 2: Network of Stones. 

Sub-Type 3: Earth-islands scattered over Rock Debris. 

Sub-Type 4: Outcrops of Rock on Hill-Slopes. 

■ ■ Stage VI. 

„ (Local varieties of the sub-types are. not yet known.) 


Main Type 2 : Polygonal Soils, 

Genetic Characteristics. — These soils resemble structural soils in 
being also surface formations occurring chiefly in the regions of 
eternal frost and siioav or in torrid deserts. • Similar polygonal soil 
formations may be found in other climates too, but these are either 
young alluvial soils (and therefore belong to Soil Order 9) or are 
rapidly overgrown with vegetation which effaces their original poly- 
gonal structure. 

Polygonal soils own their origin to erosion, the water, carrying 

* Ibid., pp. 55-64. 

f In the work referred to above Meinardus .published photographs illus- 
trating the structural soils. 


176 


THE PRINCIPLES OF SOIL SCIENCE 

away the finer particles of the coarse debris, which it later deposits 
in suitable basins. When the water evaporates or freezes a finely 
dispersed homogeneous material is formed by the intensive shrinkage 
into irregular (polygonal) prisms. 

Dynamic Characteristics . — These soils are adynamic because the 
extreme cold, the dry torrid climate, or the excessively salty or alka- 
line character of the soil prevents any activity. 

Chemical Characteristics . — In chemical composition these soils may 
differ considerably. The fine mud of the arctic regions is to a large 
extent disintegrated rock; the salty or alkaline clay corresponds to 
a sodium soil, and the fine, silted deposit of torrid deserts is a mixture 
of mineral silt and clay. 

Physical Characteristics . — As contrasted with structural soils, the 
mechanical composition of these soils indicates a fine texture. They 
are composed of homogeneous material. 

Morphological Characteristics . — A characteristic feature of these soils 
are the polygonal cracks on the surface. 

Biological Characteristics . — These soils are almost entirely lifeless. 
It is only in the cracks that we find plants with low nutrient require- 
ments living — and then only for brief periods. 

Stage V Siib-Types of Polygonal Soils. 

Sub-Type 1 : Arctic Polygonal Soils. 

The formation of these soils is due to the splitting action of re- 
gelation and frost. The original cracks in time become larger and 
deeper, while the polygonal areas protuberate. 

These soils consist of inactive and barely weathered fine dust of 
natural origin. 

Sub-Type 2 ; Polygonal Soils of Torrid , Arid Deserts. 

In torrid, arid deserts, too, there are occasional torrential rains 
resembling cloudbursts, which may cause disastrous inundations but 
are soon over, the fine colluvium drying quickly and then shrinking 
and cracking. The colluvium naturally accumulates in the shallow, 
closed basins of the torrid deserts. Outwardly these soils are very 
similar to the soils of the previous sub-type, though their origin is 
due to other causes and their chemical composition differs in many 
cases — e.g where water has transported fine mud from a place in 
which there has been a certain degree of chemical weathering. 

Sub-Type 3 : Alkaline or Saline Polygonal Soils (e.g., the ‘ c Tahir ” 
Soils of Russia). 

Genetically they belong really to the Na soils, for they are 
formed as colluvial surface deposits of those soils. Owing to their 
inactive and saline or alkaline character these soils are almost lifeless 
formations. 
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Main Type 3 : Dry Tundra Soils. 

The term “ tundra is used generally to denote the flat, treeless, 
more or less frozen regions of the arctic zones that have a covering 
of snow which only disappears in the warmer summer months. The 
only vegetation found there is scanty, consisting of mosses and lichens. 
Very large tracts of land of this kind are found" in particular in North 
and North-East Russia.* In Russia the soils overgrown with vegeta- 
tion are divided into three groups: (1) dry tundra soils, (2) turfy or 
peaty tundra soils, and (3) wet meadow soils. As the two latter 
soil types belong to the Soil Order 10, we shall deal here only with the 
dry tundra soils, which, as a consequence of the prevailing climatic 
conditions, may be classed as undeveloped, raw soils, or as e'kto- 
adynamic soils. 

Genetic Characteristics. — In the tundra zones the average annual 
temperature is below 0° 0., and the average annual precipitation only 
200-300 mm. The air is nevertheless humid as a result of the low 
temperature, and the soils often suffer from an excess of humidity-. 
According to SouKATSHEV,f dry tundra soils are only found on 
naturally well-drained plateaus. In low-lying areas which are badly 
drained the soil is covered with sphagnum turf, and in river valleys 
with grass vegetation. 

The vegetation of dry tundras is neither high nor dense. Accord- 
ing to Soukatshev’s data it consists mostly of Car ex rigida Gord 
combined here and there with Poligonum viviparum L., Pesfuca 
ovina and a few dwarf birches and arctic willows. The surface of 
the soil is covered by patches of moss some 2-3 cm. thick, this cover 
consisting, however, not of Sphagnum but of various species of Hylo- 
comium and Aulacomium , which prefer drier soils. 

Dynamic Characteristics . — Although as a result of the action of 
external factors the tundra soils are still undeveloped raw soils, they 
nevertheless show characteristic dynamic symptoms, relating them 
to certain wet meadow soil types. They show signs partly of gley 
formation, partly of podsolisation, the appearance of a reduction 
gley horizon or of initial podsolisation respectively being apparently 
due to the humidity conditions of the soil. 

Chemical Characteristics. — Owing to the lack of detailed 
chemical data, all we can do is to note that there is a reduction and 
an oxidation of iron compounds, differing in degree in the various 
horizons. 

Physical Characteristics . — The naturally occurring soils of this type 
are mostly of compact, loamy structure. 

Morphological Characteristics. — As we have only very few data at 
our disposal it is difficult to give general characteristics. In Glinka 1 - 

* See Glinka, K. : “ Typen tier Bodenbilduug,” p. 236. 

t See Sottkatshev, W. : Ber d. Kaiserl. Akad. d. Wiss. St. Petoralr* 
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work we find the following description of a profile based upon 
Sotjkatshev’s data :* 

(1) Greyish-brown humiferous horizon, with slight traces of un- 
decomposed plant residues, 2 cm. deep. 

(2) Yellowish-grey, in places greyish-brown, loose loamy horizon 
containing ferric oxide, 2-3 cm. thick. 

(3) Greyish-blue, homogeneous, tough clay horizon, 8-10 cm. thick, 
with sharply defined upper and lower boundaries. A peculiarity of 
this soil layer is that it becomes fluid when dug out. 

(4) Brownish-yellow loam, resembling horizon 2, only more com- 
pact, 2-3 cm. thick. 

(5) Compact, brownish-grey horizon, at a depth of 40-60 cm., in 
many places tending to become fluid, containing here and there 
dark — probably humiferous — patches and in places also blocks of 
stone. At a depth of 79 cm. from the surface the earth was frozen, 
and the character of this layer remained unchanged at the bottom 
of the pit, at a depth of 89 cm. 

Horizon 3 deserves special attention, its colour and peculiarities 
being, according to Glinka, due to reduction processes similar to 
those accompanying gley formation. The thickness and development 
of this horizon increase with the humidity of the soil, but in sandy 
soils it is entirely lacking. According to Glinka it has been found 
also that where there is no gley-like horizon symptoms of podsolisa- 
tion appear. The fluid horizon 3 is regarded as the cause of the 
patchy character and protuberance of the surface of tundra soils. 
For, if the upper horizons freeze and the lower frozen horizon is brought 
nearer to the surface, the fluid horizon is compressed and cools down 
to 4° C., at which temperature the density of water is greatest, the 
result being that as a consequence of the inner tension this layer 
comes to the surface and causes patches, or raises the sods, forming 
convex cushions. 

Biological Characteristics . — With regard to the biological condition 
of these soils we have no data available beyond what has been said 
already. 

Owing to a lack of knowledge Stages V. and VI. cannot be treated. 

Main Type 4 : Skeletal Soils of High Mountains. 

These soils are found wherever the precipitous character of the 
mountains prevents the development on the steep rock-walls of any 
stable soil cover. At present our knowledge is too deficient to enable 
us to give a description of their general characteristics. All we know 
is that we find sporadic patches of soil types corresponding to the 
prevailing soil-forming factors. These patches of soil are found in 

* See Glinka, K.: op. cit. 9 p. 173. 
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certain sloping or smooth places, or even in deep clefts, and show 
that they are really ectoadynamic raw soils ; for where the orographical 
conditions are favourable we find soil types of normal development. 

Soil Order 9 : Pseudoadynamic Soils of Mixed Origin 
(Main Type 1 : Fresli Alluvial Soils), 

Genetic Characteristics. — At certain periods or seasons the water 
of most rivers swells to such an extent that in flat basins it leaves 
the river-bed and inundates the low-lying areas in the vicinity with 
water and silty deposits. After the water has evaporated the mud 
remains, and a corresponding soil , type would be formed were soil 
formation not disturbed by new inundations and siltings at short 
intervals (six to twelve months). Consequently, in places of this 
kind there can be no formation of an autochthonous soil profile. At 
the same time, we cannot say that these are only mineral debris and 
not soils. 

Dynamic Characteristics. — The typical characteristic of fresli alluvial 
soils is that in them no regular changes are in evidence. Apparently 
they are adynamic. 

Chemical Characteristics. — These vary considerably with the 
conditions. 

Physical Characteristics . — The same is true of these also. 

Morphological Characteristics. — Typical features are an irregular 
and very variable structure or even the absence of any structure 
at all. 

Biological Characteristics. — These, too, may vary considerably 
according to differences in local conditions and in the origin of the soils. 

Stage V. : Sub-Types of Fresh Alluvial Soils. 

Irregular formations though the fresh alluvial soils are, we must 
nevertheless attempt to classify them. They may best be classified 
genetically according to the section (reach) of the river to which they 
belong, as this causes considerable differences in the quality of the 
sediment. 

Sub-Type I .* Fresh Alluvial Soils of the Upper Reaches of Rivers. 

Here the sediment consists mostly of coarse gravel and sand mixed 
with only a small amount of silt. These soils are very inactive and 
barren. 

Sub-Type 2 : Fresh Alluvial Soils of Middle Reaches. 

The physical composition of these soils is usually very favourable, 
consisting of a mixture of fine sand and silt. Where there is still 
sufficient plant food in the silt and there is no shortage of moisture, 
these soils are covered with abundant vegetation and are very fertile. 
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Danger by inundation or swamp formation can be eliminated or averted 
by dyking, but thereby the soils sooner or later lose their character of 
fresh alluvial soils and change into soils corresponding to the new 
local conditions. 

Sub-Type 3 : Fresh Alluvial Soils of Lower Reaches. 

These are characterised generally by an excess of clay. The clav 
precipitates— particularly in estuaries where the salt sea-water acts as 
a precipitant in combination with silt. These soils are therefore 
mostly silty days and are not infrequently salty. 

Stage VI. : Local Varieties. 

The more undeveloped and raw a soil, the more effectual the action 
of local conditions and factors; consequently, fresh alluvial soils vary 
m accordance with local conditions more than soils with more or 
less developed profiles. The development of local varieties may be 
influenced bv the following circumstances : y 

(1) The orographical conditions— in particular the so-called micro- 
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noH<fSh th ' m 13 a r tUral ° Utlefc ’ euts a bed and once more frans- 
l Where there is no natural outlet it dries up, and in time 

salts may accumulate to such an extent as to form salty or alkali 

wy gmt wSr ° WS ’ thC 0r0gm P hieal CoMitions produce 

on ( th timeduring which the inundation water remains 

n^'t c r v f " onslderab I [>P<>n the hydrographical conditions 
i the u PPfr horizon has no natural outlet. 
hanrL, f io . cal dmmhc conditions also exercise an influence. Jt may 

mt regi ° nS With ab undant precipitation and 
f „ b , g natural outlets the flooded territories suffer much 

nance 1 afTT ”1 “'j’ the result beblg that there is a predonS 
there is r d SWamp vegetation - ^ districts where 

boweveV ' Stagnat!0U of water and the climate is sufficiently humid 
2irrT get , Ve7 fertile meadow soils or “ grove' Toffs ” 

.oils 6 ],ut pasture lancfs'rn 63 ’ ° n otlier , hand ’ we get, not meadow 
IV. p , e ,andK richer and more lasting than are frmnrl in 

i iimateS ° Utside the hiuncfation areas. 

organic matter Sl T ?? ? e “ ineraI and P^aps also the 
organic mattex of fresh alluvial soils may be of very various origin; 


CHARACTERISATION AND CLASSIFICATION OF SOIL TYPES 181 

but, as these variations affect all the fresh alluvial soils of an area, 
we cannot use them to differentiate local soil varieties. But variations 
may affect the subsoil on which the silt is deposited— particularly 
the water regime — according to whether the subsoil is permeable 
or not. 

(5) A question of special importance with regard to the state of 
development of the soil is whether the area is one of controlled in- 
undation (by dykes) or a natural inundation area. For if the silting 
influence of water is restricted to a narrow inundation area, a thicker 
and more homogeneous' soil layer may be formed than in the case 
of the periodical and .irregular silting of inundation areas left to their 
own resources. The state of development of fresh alluvial soils is 
naturally always primitive; but a homogeneity of conditions favours 
the development of typical soils. 

Main Type 2 : Shore Soil Formations of Standing Water. 

Genetic Characteristics. — Where standing water occurs under tidal 
influence (surge, ebb and flow'), on the flatter shores we may find 
typical soil formations. In these deposits there can be no plant life 
until they have accumulated sufficiently to prevent the water cover- 
ing them or the waves washing them away. They are usually formed, 
sorted and transported, not only by the action of the waves but also 
by strong winds. 

Stage V. : Sub-Types of Shore Soil Formations of Standing Water. 

So far we know of two sub-types — shore dunes and littoral saline 
soils .(marsh soils and kvelder soils). There are several essential 
differences between the two. 

Sub-Type 1 .* Soils of Shore Sandbanks or Dunes . 

The waves throw up sand particularly on the low shores of seas; the 
sand is then carried by wind into the interior of the mainland until 
held up by some obstacle. Usually these sand waves are checked* 
and bound by the littoral vegetation and its underground rhizomes, 
only certain plants — e.g., Ammophila armaria , Elyrnus arenarius , and 
species of Gar ex and Triticum — being able to live in the drift sand. 
Where a dune is not covered with vegetation the next wind carries 
the sand further, the dunes thus advancing, like the sandbanks found 
in deserts, in the direction of the wind. However, dune formations, 
like the drift sand of dry deserts, are usually free of organic matter 
and then belong to Main Group III. 

Dynamically , shore dunes may be regarded as adynamic until the 
constant accretion of new material and their movement ceases, when 
they become bound by some permanent vegetation — e.gr., forest — 
and are transformed into some dynamic type. 

* See Ram ann, E. : “ Bodenkunde ” (J. Springer, Berlin, 1811), p. 129. 


182 PRINCIPLES OF SOIL SCIENCE 
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1 washes out the sea salts so quickly that Ca zeolites are unable to form 

by interaction of the Ca salts and Na zeolites. 

Morphologically , the Knick horizon differs from the htmiiferous 
horizons in being light in colour and impermeable. However, no 
typical soil structure is found except in endyked polders. 

Biologically , even in their original undeveloped condition these 
soils are not lifeless, though the soil-forming effect of the life in them 
9 cannot assert itself, owing to the constant silting. 

Stage VI. 

Owing to lack of adequate information we cannot characterise 
local varieties. 

Soil Order 10: Hydrogen Soils 
(Main Type 1: Turfy or Peaty Mineral Soils). 

This type includes all the formations which are covered with a definite 
turfy or peaty layer less than 25-30 cm. thick. (Peaty formations in 
the deeper horizons of the subsoil have no influence on the present 
character of the soil, and do not affect the question of its type.) 

Genetic Characteristics . — These soils occur mainly in the tundra 
zones, but they may also be found wherever an excess of humidity 
does not allow the usual mainland vegetation (meadow or forest 
association) to develop, the only vegetation which can thrive on them 
being swamp plants and mosses. In this respect, the conditions of 
formation correspond, to those of the Sphagnum turfs and peats. 
The shallow organic upper horizon, however, contains more mineral 
material than the true organic soils, as it is influenced by the sub- 
soil lying near the surface. Recent data seem to suggest that the 
turfy soils of high mountain regions really belong to this main type. 

Dynamic Characteristics . — In the turfy-peaty horizon acid humus 
is formed by the decomposition of the organic matter. The humus 
’ penetrates the mineral layer below partly in true solution and partly 
in colloidal solution. This process first mobilises the bases and then 
the iron, and may possibly decompose some aluminosilicate ; even 
colloidal Al a 0 3 and Si0 2 may become mobile. Where the subsoil 
is dry enough, the colloids precipitate below the eluviated upper 
mineral horizon, in the B horizon— the horizon of sesquioxide accumu- 
lation. The organic upper horizon A is followed by the eluviated 
“ podsol 55 horizon A 2 . 

On the other hand, where the peaty formation is due, not to an 
accumulation of precipitation water but to an excessive rise of sub- 
soil water, the mineral layer underlying the organic horizon is also 
under water, causing the reduction processes known as gley formation , 
as already described. Accordingly, in these turfy or peaty soils there 
is either podsolisation or gley-fotm&tion — sometimes both. 
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Comical Characteristics.- Chemically, the criterion of these soils 
18 V' at the organic contains more than 25 per cent, of organic 
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o rga.mn and lie underlying mineral layer. The absorption complex 
onsists majnly of humic acids, and the reaction is strongly acid ? 
J/t? Characteristics. The physical character of these soils 
depends partly on the degree of humification of the turfy or peatv 
siyer and partly on the degree of unsaturation of the humus confplex 
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Sub-Type 4: Turfy upper horizon, podsolic sub-soil with (or without ) 
(jltiij horizon. 

Sub-Type 5 : As 4, but with peaty upper horizon. 

Sub-Type 6 : As 4, but with silty organic upper horizon. 

Sub-Type 7 : Turfy upper horizon, without gky or podsol in subsoil. 

Sub-Type 8: As 7, but with peaty upper horizon. 

Sub-Type 9 : As 7, but with silty organic upper horizon. 

Stage VI. : Local Varieties. 

For the characterisation and differentiation of local varieties the 
following criteria are used : 

(1) Local Orographical Conditions , which everywhere play an 
important role in soil formation. The soil’s geographical situation 
(latitude and longitude) and its relief (plain, hill or mountain) must 
he taken into account. 

(2) Local Climatic Conditions. — Although peaty and turfy soils 
occur in practically all climatic zones— a fact which proves that their 
formation is to a certain extent independent of climate — it is never- 
theless indubitable that the peaty soils of arctic zones, for instance, 
do not show the same dynamics as the peaty soils of temperate zones 
or of the sub -tropics and tropics. 

(3) Hydrographical Conditions. — The height and changes in the 
level of the ground water materially affect the character of the soil. 

(4) The Parent Rock over which the peaty surface layer has been, 
formed. 

(5) The Degree of Humification and the state of cultivation of the 
soil, etc. 

Main Type 2 : Soils of Wet or Waterlogged Meadows. 

This type includes not only the wet meadow soils occurring in the 
tundra zones, but also those wet or waterlogged alpine soils which 
have not yet become peaty, and the wet meadow soils of warmer — 
even arid — climates. The latter owe their formation not so much 
to climatic as to local orographical and hydrographical conditions. 
These soils occur in places where the humidity conditions are too high 
to permit the development of ordinary forest vegetation but not 
high enough for the development of peat formation. 

Genetic Characteristics . — These soils represent an intermediate stage 
between forest and peaty soils. Genetically this is due to the soil not 
being humid enough to allow the domination of a hydrophyte vegeta- 
tion leading to the formation of peat or turf. In this respect, there- 
fore, this main type differs decidedly from the preceding one. The 
lower horizons of the soil are, however, infiltrated with water, producing 
conditions unfavourable to the growth of common forest trees, the 
so-called add meadow vegetation predominating. Many scientists call 
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TABLE XLIII 


Horizon. 

Bases. 

JSesquioxides. 

Si0 2 

0 

/o 

! .. 

Humus . 

0 . 

. 0 

Alkalies . 

Alkaline \ | 

Earths. : § 

■ ■ : 

ai 2 o 3 

■0/ 

70 

Fe a O a 

O' 

JO 

Total. 

Na a O 

• 0 / 

/o 

K a O 

0 / 

JO 

To- 

tal. 

CaO 

0 / 

JO ■ 

MgO 

0 / 

JO 

|: e 

To- ° 
tal. 

Aj . 

1*78 

2*69 

4*47 

1*57 

0*16 

1*73 — 

15*29 

! 1*98 1 

17-27 

76*42 

10*9 


1*84 

2*40 

4*24 

0*97 

0*13 

M0 — 

14*52 

| 2*05 - 

16-57 

78*0! 

1 *3 

B 

3*68 

4*38 

8*06 

0*73 

0*47 

1*20 — . 

18*19 

i 4*78 

23-00 

67*65 

2*3 

C 

2*66 

4*03 

6*69 

0*64 

0*40 

1*04 — ' 

14*06 

1*95 

1 

16-01 

76*17 

0*0 


TABLE XLIV 


Soluble in HC-1. I A i 

I % 

i 

a 2 

a 

0 

B 

0 

/o ; 

C 

0 / 

0 ■■ 

A1 2 0 3 Fe*O s . . . . 1 

3*99 

17*00 

9*70 

CaO . . . . . . i — 

0*24 

0*50 

10*90 

MgO 

0*34 

0*37 

3*73 

PA — 

0*00 i 

0*07 

0*00 

H t O(110°C.) .. 5-41 

1*20 

2*00 

0*81 

CO a 0-0 

0*09 

0*00 

3*21 

Humus . . . . ! 28-85 

2*87 

3*51 

•2*68 

pH : 6-0 

6*4 

6*8 

7*2 


bases have been partly leached out from the upper horizons, the 
tri valent bases having accumulated in horizon B. 

The above data afford no information about the composition of 
horizon C or of the reduction processes — viz., the reduction of ferric 
to ferrous compounds, vivianite, iron sulphide and manganese oxide 
formation — which may all occur, and are characteristic of the gley 
horizon. 

The whole profile — or at least the part above the gley horizon — is 
acid; its pH value is usually below 6*5, and its hydrolytic acidity is 
considerable. 

Physical Characteristics . — The humus of the upper humiferous 
horizon disperses or dissolves readily in water or in dilute alkali solu- 
tions, the humus complex being unsaturated. Black surface soils 
of this kind therefore never have naturally crumbly structures, and 
where they are clayey they are very sticky and difficult to cultivate. 


188 


THE PRINCIPLES OF SOIL SCIENCE 


Where the parent material is sand, the solubility of the humus is 
greater and an aqueous solution of the soil is usually slightly coloured 
'! he eluvial ash-grey horizon is structureless and compact owhm to 
its being leached and acid. As the result of accumulation the B 
horizon is even more compact, as is usually shown by its mechanical 
composition. In the case of sandy soils there is a possibility of the 
formation of iron pan in the B horizon. 

Morphological Characteristics.— The most general characteristics of 
tins mam type are: (1) the upper horizon is acid, black or greyish- 
black and hunuferous, but without any marked structure; (2) the 
more or less pronounced podsolisation as shown by the eluvial 01 - 
ash -grey (sometimes almost white) podsol horizon and by the darker 
(brownish) accumulation horizon (B); where the ground-water level 
is very high, the latter may be altogether lacking ; (3) the gley horizon 
which marks the approximate high level of the water table.' 7 
^Biological Characteristics.— The permanently over-humid state and 
acid reaction of this soil type m general favour the growth of fund 
and putrefying micro-organisms. It is unlikely that there is any 
nitrification or nitrogen fixation, though we have no positive ex perk 
mental data on that point. As a consequence of the acid leaching 

plantTod 1101 TW °* *7 ^ USU f ly COntain little eas % solublf 
plant food, They are often covered with acid grasses and some 

epresentatives of peat flora; but on the sandy varieties conifers can 

sssisr form woods ’ — ^ tbe e ;r 

Stage V. : Sub-Types of Wet or Waterlogged Meadow Soils. 
types ^ baS1S ° f SOil dynamicS We may distin guish the following sub- 

upper Won7^ l0W i COnS l derable greyish-black or brownish-grey 
Su T, I m ld T ash ‘ grey P° dso1 ( A s) horizon; below that 
r’and p decidedly illuvial or accumulation horizon (B), followed bv 

fxr a T1 r Ts r y “ 

several G horizons in tht C horkon or if h there . are 

several parts fB R i . w u ? 1 \ he h horizon divides up into 

Sub-Type. 2 \'^A jf? “c be aay ^ in the B horizon. 

J1 A ” A,>1 °> Gr-— -This sub-type differs from the 


X ~~~ Aiuiu mu 

it has a B horizon, gley formation 


preceding one in that, though 
h ft s already begun in it. 

Sub-Type 3 : A,, A a , G.— There is no B horizon. 

Stage VI. : Local Varieties. 


CHARACTERISATION AND CLASSIFICATION OF SOIL TYPES ISO 

Main Type 3 : Common Forest Soils of Temperate Zones. 

These soils the Russians call podsolic , though the typical ash-grey 
(podsol) colour Is in many cases not apparent at all. However, since 
podsolisation also takes place in wet meadow soils, we may call these 
soils dry podsolic , to distinguish them from the meadow soils, though 
it should be noted that in comparison with the types of Soil Order 11 
they are humid. The soils now being discussed form the majority of 
Hilgard’s humid soils. From the general structure of their profiles 
sve may symbolically designate them ABC soils, adding , however , that 
they are hydrogen soils , since ABC soils are also found among the 
sodium soils. 

Genetic Characteristics . — Glinka includes these soils among those 
formed under moderate humidity conditions.* He points out also 
that the reason why the ash-grey podsolic soils are identified with the 
forest soils is that the majority of podsolic soils are found in forest 
zones. 

Daurree (1775-80), Kindlee (1836) and Speengel (1837) 
detected the character of the eluviated ash-grey horizons which 
Russian scientists call podsols (zola in Russian means ash), and from, 
whose colour the podsolic soils are named. Podsols are formed really 
by the action of the raw humus or acid humus cover. Consequently 
no podsolisation can take place except in a climate in which raw humus 
is formed. Now, since raw humus covers are formed mostly in closed 
conifer or deciduous forests, podsolic soils occur zonally in those 
climatic zones in which there is a natural predominance of closed 
forests. No typical podsol horizon can form below the vegetation 
litter and mild humus cover of open forests; nevertheless, a certain 
fading of the colour of the horizon below the humus layer is often 
apparent, for which reason these soils are also spoken of as podsolic 
or podsol-1 ike. We may therefore group in the main type of podsolic 

soils all the forest soils of temperate zones with humus covers -with 

the exception of those “ brown earths ” in which the podsolic horizon is 
replaced by an accumulation horizon of brown ferric oxide hydrate , and 
which, according to Stebutt and Ramann, are products of weathering 
induced by carbonic acid (see Soil Order 13). Podsolic forest soils 
are found, however, not only in temperate but also in warmer and 
more humid climates. According to Yageleb, podsolic soils are also 
found in the tropics, although the forest soils there are mainly laterites. 
But, whereas in the humid temperate zone these soils are found 
zonally, in other climatic zones they occur only in special regions or 
as local formations. Jenny f gives the following rain factors (Lang 
system) and N-S-Q values (Meyer system) for the posdolic forest 
soils and brown forest earths respectively: 

* See Glinka, K, : 44 Typen d. BodenbilduiigJ 5 p* 66. 
f See Jenny, H. : Soil Research, Vol. I. (1929), p. 170. 
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Podsolic Forest Soils. 

Brown Forest Earths. 

Lang’s rain factor . . | 

Europe, 100-300 
U.S.A., 114-198 

Central Europe, 60-80 

U.S.A., 80-100 

.Meyer’s N-S-Q value ... / 

Eiu'ope, 400-1,000 
U.S.A., 377-750 

Central Europe, 275-400 
U.S.A., 320-460 


weathering, as the acid hjmus prevented, foSVaud*'*’ dm ' it,S 
any previously formed TPp formation and decomposes 

ie, indeed, niy S L £, tS, ■ 0mphx ° f p0<isoli,! ” ils 
The fact tW +L , ”• that oj calcium or sodium soils, 

we usually t ail) U 'find a ^ S ° rptlon f * om P lexes of these highly acid soils 

Aeta| y , U ^ a 7 q “SwslS; 

silicic acid and aluminium hydroxide presence of free 
We may therefore safelv onnduriA + ? I s are bound 111 aci( t forest soils, 
complex in the absorption comnW f at i^T- 6 1S 0nly a sl %ht inorganic 
will sooner or inter be decompLed^lS^ 8 f Ten that 
complex is a humus corrmW i i- • ■ .°^ absorption 

cations are mainly hydrogen ’ The * , readil y as the absorbed 

layer move downward? W h iW ^ T a °\ ds formed in the humu « 
and A 2 ) first the mono- and hil t *5® upper horizons (A 
trivalent cations. The leaehino- of thJ * ^ afterwards SOH ie of the 
action of the humus colloids SnR, 'T ° Xlde geIs by the Protective 
losing colour, the lower part of the a T • ° upper horizon, as a whole, 
often becoming ^ d ^ ^rizon) 

by the humic acid then 

:sris»gt 

a* *V>„ Alof Z S S dStas I *i e r‘,f “™ while 

below the colourless A, SE f ? gradually coagulate. Thus, 
and then a rusty-brown L on 5 fo ™ ed &st a brownish-black 
pf the subsoil is loose enough isandlYi + , Whe o - the parent ma terial 
m which the roots of trees l™Lfr ^ Sod m the dee P«r sections 

— . Thi, , , h0 


i 



Fig. 16. — Fodsolio Soil with Humus and Iron Ore. 

Photo by ZuciiER. From Paa, in Jutland, Denmark. A\z 0-14 cm,, humi- 
ferous, dark grey horizon, A a : 14-30 cm., light grey poclsol hoyfeon. B s : 
30-37 cm., dark 'grey liumiferous iron ore. B*: 37-43 cm., reddisli-brown 
iron ore, poor in humus. C: from 43 cm., coarse yellow sand subsoil. 


only chemical analysis of the soil points indisputably to the results 
of soil leaching in an acid medium. 

In soils acidified by unsaturated humus, decomposition of silicates 
is also active. The acid humus is a colloidal dispersion in the outer 
ion-shell of which there are many H ions. This naturally considerably 
increases the H-ion concentration of the soil solution and thereby 
accelerates silicate decomposition, the. effect being similar to what would 
he produced by continuously filtering through the soil profile a weak acid 
of similar H-ion concentration. The easily- decomposable and soluble 
phosphoric acid, potassium, calcium and magnesium are also leached 
out of the upper horizons, only the less soluble plant foods remaining 
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in the soil. This process in itself involves no danger to the forest 
for the roots of the trees derive the plant food they need from lower 
honzons and the quantity required is much less than that required 
for instance, by grasses or ordinary cultivated plants. 'It might 
even be said that this process assists the nutrition of the trees 
the deeper roots of the trees can recover the plant foods lost” bv 
leaching. In this way, therefore, there may develop a closed circuit 
winch ensures a continuous supply of nutrients despite the fact that 
the acid-leachmg process is also continuous. The situation changes 
completely, however, when we replace the natural forest veeetatfon 
with artificially cultivated vegetation. Such cultivated soils are 
usually poor tn plant food and in constant need of fertilising 
Chemical Characteristics .- There are hardly any soil types for which 
more chemical data exist than for the forest soils of temperate zones 
But, owing to the considerable differences between the variously podsol- 
ised soils it was long before the chemical characteristics of' this soil 
type were satisfactorily determined. In particular, the investigations 
oi Emeis,* MuLLEEf and RamannJ threw light on the chemical com- 
position and the relation to the parent rock of the two striking horizons 
of podsolie sods— viz., the eluviation horizon or ash-grey soil (German • 
Bleicherde, Bleichsand, Bleisand ; Russian: Podzol) and the iron-ore 
horizon (German: Orient e, Ortstein, Branderde , Fuchserde, AM, Knick, 

TABLE XLV 


Podsot Soil formed on Granite, Total Analysis by Fusion, 


Moisture 
Humus , , 

Loss on ignition 

SiO, 

AI|O a 
Fe.O. . . 


+ £ V Foissdnmgen and Betraehtimg,” Berlin, 187 ft 

Berlin, 1887 .' htuilien uber die naturlichen Humusformen, usw.,” 

I Boe Ram ann, E.: “ Bodenfamde ” (J. Springer, Berlin, 1911 ). 
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A few characteristic data will be found in Tables XLV. and XLVI.* 
These data show clearly that the cultivated layer is characterised 
by an accumulation of total Si0 2 at the cost of other constituents. 
1 lie iron-ore horizon, on the other hand, is characterised by an accumu- 
lation of Pe 2 0 3 , AI 8 0 3 and humus. 

As an example of strong podsolisation Stremme supplies data 
showing the chemical composition of the profile of a forest soil formed 
on the granite of the Numberg Scliwarzwaldt (Table XLVI.), the 
analyses being by Helbig and Mtjnst. The soil profile is divided 
into horizons A v A,, B v B a , B 3 -C. Of these, A* is the true podsol 
horizon, Bj being the iron ore and B 3 -0 the weathering horizon of 
the granite debris out of which the soil profile was formed by a conifer 
forest at least 150 years old. The undergrowth consists of a few ferns 
and mosses. 


TABLE XLVI 



A 

a Horizon . 

B 1 Horizon. 

B , 

-0 Mori 

zon. 

Total 
by Fu- 
sion. 

■Of 

■ /O 

Dissolved 
by HOI. 

Total 
by Fu- 
sion. 

0/ 

. /o . 

Dissolved 
by HC1. 

Total 
by Fu- 
sion. 

o/ 

/ o 

Dissolved 
by HCl. 

Hel- 
big' s 
Data. 

Of 

i o 

Munsfs 

Data. 

0/ 

/o 

Hel- 

hig's 

Data. 

O' 

/ o 

Munsfs 

Data. 

Of 

iO 

Del- 
hi fj s 
Data. 

Of 

0 

Munsfs 
Data , 

of- 

■'/? 

8i0 2 . . 

81-46 

0-10 

1-01 

62-83 

2*21 

5- 82 

69-61 

0-12 

5-17 

Al a 0 3 . . 

10-22 

{ i . p; a 

0-68 

18-56 

12-26 

9-88 

15*24 

i 

5*55 

Fe 2 0 ; , . . 

1-38 


0-54 

4-80 

1-57 

1*76 

2*33 

j- 8*16 

2-16 

M'nO . . 

0-11 

0-11 

, : ■ 

4-14 

0*56 


M2 

(>•24 


CaO . . 

0-17 

0*12 

0 03 

0*78 

0-18 

0*09 

0*97 

0*20 

0*06 

m«o .. 

0-57 

0-06 

0*03 

0-63 

0-34 

0-29 

0*69 | 

0-14 

0-37 

K a O . . 

0-90 

0-09 

0-07 

4-4-8 

0*21 

0*29 

5*20 | 

0-22 

0-27 

Na a O . . 

3-64 

0-12 

0-02 

4-63 

0-16 

0*11 

5-47 j 

0--05 

0-09 

PA -- 

0-29 

0 03 

0-16 

0*89 ! 

0*13 

0*74 

0*58 | 

0-09 

0-47 

bo 3 . . 

■ — 

0-05 

0-01 

— ' 

0*26 

0*07 

— | 

0-0.7 

0-03 

Total 

101-74 

2-21. 

2*76 

101-73: 

18-07 

19*05 

101*21 j 

9-26 | 

1.4-07 

TICK .. 

0-04 

- | 

___ ■ 

0-02 

^~r*’ 


_ 1 



Loss on 






- ; 




ignition 

8-28 

9*10 


35-20 1 

38*17 i 


10-32 

11*33 

— ' ■ 

H a O 

1-36 

2-71 

. . . 

10-06 

13*89 ; 

: — 

2*90 

4*81 


(105° 0.) 






. i 




H a O .. 

— - 

4-07 

. — 

— 

23*68 

. .i 

' «„■ 

9*22 


c 


3*47 

t ; 

\ 

t ^ 

—— 

10*80 

i ■ ;~M . ■ 

■ 

2*55 



* Bee Glinka, K. : “Die Typer*: der Bodenbildung ” (1914), p. 77. 
f Bee Blanches' Handb. d. Bodenlelire,*’ Vol. III.; p. 150, 
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This table is of particular interest, as it includes data both of the 
total fusion analysis and of the hydrochloric extract. 

hirst let us take the data of the fusion analysis. Very s trikin c L 
the considerable accumulation of Si0 2 in horizon A». B on the prm- 
trary contains the least Si0 2 . The maximum content of the sesqul 
oxides {Fe.,0 + AW. A ) occurs m horizon B v the horizon A., being poorest 
m them. This means that the sesquioxides (including also MnO) 
have been intensively leached out of the upper horizons and for the 
most part precipitated in horizon B r Of the three horizons investi- 
gated the total carbon content of horizon B, was the largest, indicating 
an accumulation of organic matter. muu.aiing 

mm r Val T S ° f . I tlle 1 alkalies and aIkaIi »e earths (K a O, Na,0 
< 0, MgO) are found m the lower (B s -C) horizon, and the minimum 
values ui the A a horizon. This shows clearly that these constituents 
very mobile m an acid medium, are leached out into deeper horizons 
than the sesquioxides. The phosphoric acid is also, it would seem 
precipitated at least partly in combination with the sesquioxides and 

So H Tv,” TT In «• ‘he 

(li0 2 ) is a very subordinate constituent, but in soils richer in titanic 
oxide we have found that it behaves in the same way as the silica— 
i.e., it accumulates in the upper horizon.* y 1 

The fusion analysis only gives rough information as to the total 

le “T out by “W 

piecipitatecl in the lower horizons. We cannot , however determine the 

e \hlTbsomtiL aCCUm f ation , e ^ ce l jt % « study of the hydrochloric 
extract, the absorption complex and the water extract 

Hislbxg s and Munst’s data for the hydrochloric extract were 

neSelerVhL a V lySeS ° f two . ' different Profiles of the same soil; 
nevertheless, when we compare the turn sets of data the crenera 

“ TT e> T ‘f e al '” Iut ” »>■» w»* 

to Um two -*-• ^ 

chlorie ex£ft com P ar ® onl y the chemical characters of the hydro- 
1X2 • f ge ,T al the part Composed and dissolved 

,1 V . n caa teust the fusion analysis we see that not onlv 

the SSe'sto ToT 0 "° TT “ '•»£ 

It is evident thereftS fw s +l nd are ^cumulated in horizon B r 



we find an accumulation of Si0 2 , to be explained by the 
of quartz. In the hydrochloric acid extract this ac 
reflected in the increase in the insoluble residue. I consi 
that the fusion analysis can be dispensed with ; the exa< 
of the insoluble mineral residue, if 
required, can be obtained by direct RfKiflVf My 

The leaching phenomena described fit My/ ft 1 
above occur not only in typically ■ 
developed forest-soil profiles, but mWaWm r Iflf 
also in those in which the podsolic 1 Igf ljRf / 
horizon is hardly perceptible or not | Ij'l ,|gfj 
visible at all with the naked eye. ■ ju m-/ff'W i 
A chemical examination of the soil, llw mfu lj Jj 

even in the case of doubtful profiles, If y i';J 

reveals the familiar symptoms of acid |g.fj? % fj|f * . 

Now let us see the manner of ’ 

development of the absorption com- p , ; t 

plex of forest soils. The mixed 7-:r 
deciduous forest (sessile oak and 
birch) at Hiivosvolgy (Budapest) ' 

supplied the soil profile the hydro- flflHHpffl P * 
chloric acid extract analyses of which ■ / 5 "V 

have been given in Table XVI. 

In Table XLVII. are given tlie 
total mg. 'equivalents of the cations ^ 

and the equivalents of each cation | ‘ */ * ' * 
and anion calculated as a percentage 
of the total cation equivalents. 

The total mg. equivalents of the 
cations are appreciably less in hori- 
zon A than in horizons B 1# B 2 and 
(J, indicating very considerable 
leaching. If, in the case of the C 
horizon, we deduct a percentage of 
equivalents corresponding to the 

carbonates (42 per cent. C0 3 ), we get roughly 400 mg. equivalents 
for .the silicates, again showing that a considerable proportion of the 
cations (A1 2 0 3? Fe 2 0 3 ) originating from the silicates has accumulated 


Forest Soil Profi le under Mixed 
Deciduous Forest in the 
Huvosvolg y, near Bud apest, 

TAKEN BY DR. J DI G LERI A. 
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equivalents represents only 47-18 per cent.— i.e., barely one-half of 
the original rock— whereas in the A and B horizons of forest soils the 
percentage of Si0 4 equivalents ranges from 97 to 98 per cent This 
illustrates numerically the intensive decomposing and eluviating 
eftect of acid leaching on the formation of the soil. s 


TABLE XL VII 


Horizon . 


Sum of Cation 
Equivalents in 
100 g. Soil. 


Nai 

K r 

Ca»i 

Mgn 

Mn« 

Fein 

Alni 


B. 


C 


376-52 


523*26 


696-39 


3-32 

3-20 

5-67 

10-56 

2-10 

15-85 

59-30 


2*53 

2-39 

13-06 

7-68 

2-97 

18-69 

52-68 


^11 

!i 

i-s 

» S3 

SO.," 

PO,"i 

CO 3 " 
SiO,iv 

O" 

2-16 1-10 

0-68 0-85 

97-16 98-05 

1-40 

0-80 

97-80 

0-87 '] 
0-59 
42-16 
47-18 1 

i 

100 

° i 



9*20 J 


TABLE XL VIII 




2*03 

1*55 

8*55 

8-82 

0-28 

15*91 

62*85 


865*75 


1*3 

1-5 

37-39 

20*30 

3-10 

15*02 


100 


Horizons . 

1 - Exchangeable Gallons expressed in mg. Equivalents 

in 100 g. Soil 


A1 

Ca 

Mg 

Na 

K 

S=Sum 

A . . 

| 0-9 






b, .. .. 

4-61 

6*27 

0*64 

i 2*20 

14*62 

B„ 

!■ ^’7 

6-96 

5*21 

1*24 

2*12 

16*23 

c ; 

0-5 

10-66 

3*5 

1-37 

1 2*53 

18*56 



16-32 

3*2 

1*68 

2*10 

23*30 


Percentage of Cation Equivalents , 
S- Value = 100. 

calculated to 

A .. 

R„ 

. 

6-1 

' ' .1 

31-5 

43*0 

4*4 

15*0 


» - . , , 

JFL 

■ 4*3 

43-0 

32-0 

7*7 

13*0 ! 


W| k * ■ t . ' 

Q 

2-7 

57*4 

18*8 

7*4 

13*7 ! 




70*0 

j 

13-7 

. 7*2 

9*1 
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In Table XLVIIL the exchangeable cations are expressed in mg. 
equivalents and in percentages of all the equivalents (S).* 

It will be seen that among the exchangeable cations in horizon A 
magnesium equivalents predominate, but decrease continually with 
the depth, while the calcium equivalents increase. The proportion 
of sodium equivalents is smallest in the upper horizon, increasing with 
the depth. The absolute quantity of potassium equivalents is practi- 
cally constant, but as compared with the other cations it is relatively 
the highest in horizon A, decreasing with the depth. Special attention 
is due to the exchangeable aluminium, which must have penetrated 
into the so-called outer shell of the absorbing complex as a result of 
the partial decomposition of the zeolite complex due to the acid re- 
action of the soil. Other authors, too,f have found exchangeable 
aluminium in acid soils. This confirms the hypothesis of Gedroiz 
and Stebutt that in the case of acid humus the anion part of the 
zeolite complex may be partly decomposed too. Di Gleria found 
that part of the Si0 2 and Al 2 O s was directly soluble in a 5 per cent. 
KOH solution: 

Soluble in 5 Per Cent, KOH. 



Horizon. 

Si0 2 

Per Cent . 

ai 4 o. 

Per Cent. 

A 


1*57 

0-60 

Bi 

, , . . 

2*02 

0-48 

B a . 


1*90 

0-46 

0 


1*51 

0-46 


These data also confirm the hypothesis that insoluble colloidal 
Si0 2 and A1 2 0 3 may occur independently. 

The amounts of the exchangeable mono- and bivalent cations in 
the hydrochloric extract are shown in Table XLIX. expressed in mg, 
equivalents and in percentages of the total amounts of each cation 
dissolved. 

It will be seen that the exchangeable cations constitute only a 
small percentage of the cations soluble in HOI. From this it follows 
that from the silicate complex reconstructed from, the. bases in the hydro- 
chloric extract , we cannot — as G anssen did — ascertain the slate of satura- 
tion of the soil. This can only be done by direct determination of the 
absorbed hydrogen. 

The state of saturation of the absorbing complex of forest soils 
can be seen from Table L., giving data relating to a' so-called wet 
siallitie soil (St-4) from Santander in Spain and to a xerosiallitic forest- 
soil (Md-52) from Madrid. The soils were supplied by del VillarJ 
and were analysed by my assistant, Dr. L. Kotzmann. It should be 

554 See Sigmond, A, A. J. von: Proc. Papers I, Int. Cong. Soil Sci. Wash., 
Vol. I. (1927), p. 60. 

f*See Kelley, W, P. : Univ. Calif. Publ. Techn. Pap. 15 (1924), p. 19. 

t See Villa b, E. H. del: Les sols mediterraneans Studies en Espagne ’* 
(Madrid, 1930), pp. 50 and 144. 
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noted that the Santander subsoil contains 88 per cent. CO, equiva- 
lents— i.e., roughly 70 per cent, carbonates— nevertheless, in the humid 
and warm climate of Santander horizons A, B, and B„ are free of 
carbonates. In the absorbing complex, however, there is 'aconsiderable 
quantity of calcium cations. 


TABLE XLIX 


Cations. 

Horizons . 

| ' 

Total 

f mg. Equiv . 
dissolved in 
HC1. 

Exchangeable 
mg. Equiv. 

Percentage of 
Exchangeable 
Equiv. to the 
Total. 

Ca 

! A 

21-4 

4-61 

21-75 


! b x 

| B # 

68-2 

6-96 

10-20 


59-6 

10-66 

17-85 


! c 

320 '0 

16-32 

5-10 

Mg 

A 

39-76 

6-27 

15*77 


Bi 

■r-% 

40-21 

5-21 

12-95 


■B 2 

61-42 

3-50 

5-69 


! C 

1.75-76 

3-20 | 

1-82 

K 

A 

12-10 

2-20 

18-18 


Bj ; 

12-52 

2-12 

16-90 


c I 

11-82 

12-95 

2-50 

2-10 

21*40 

16-20 

Na 

A 

12-58 

0-64 

5-08 


Bi J 

13-93 

1-24 

9-38 


B 2 

14-20 

1 37 

9-65 


C : 

■ . | 

11*30 

1-68 

14*85 
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The Madrid forest soil was formed on carbonate-free sand, and, 
irydiogen has been Lettei able more completely to expel the calcium 
cations from the absorbing complex. 

The composition of the water extracts of both soils is shown in 
Table LI. 


TABLE LI 


■ ] 

i Total 

Residue Dissolved fro) 

n 100 g. 

Soil. 

Soil. Horizons . 

Dry 

Matter. 

of Iq n/i - ■ — - - - - 

HCO., Cl 

1 : ■ ; 

SO 4 ; Ca 

! 

O ; MgO 

i j Ty 

| K 2 0 1 Nay.) 


M ilMgramni es. 


| l;a(d 
*1^ b, (ii.) 

^ B., (III.) 

X: ; . . 

268 

1 84 

164 

140 

76 

70 

25*2 

12*6 

18*8 
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5*0 

9*4 

3*1 11*6 
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^ _r . 1 A 0 

76 

26 

18-9 

3-2 ! 8-4 ; 2-9 

15*0 ; 

! 5*2 5*6 

if;,’ A (l.) 

66 

20 

17-0 

3-5 : 22-0 1-7 

! 17*4 i 

6*1 6*9 

(II.) 

54 

20 

12-6 

2-8 : 12-3 1-3 

: 16*5 5 

3*1 8*6 

§32 15, (in.) 
& 

46 I 

46 

20-4 

5-3 15-9 ! 0-6 

■i ■ ■ ■ i 

> 15*3 i 

2*9 11*3 


The first thing that strikes us is the small amount of the water- 
soluble materials, consisting mainly of organic matter in the upper 
horizons. The HC0 3 content is formed not from original carbonates, 
but by the action of the slight 00 2 content of the distilled water. 
The small amount of the calcium cations — particularly in comparison 
with the sodium and the magnesium — is striking, and becomes still 
more so if we calculate the cation equivalents, as in the case of the 
absorbing complex, in percentages of the total amount of cations, as 
may be seen from Table LII. 

These data show clearly that in the water extract of the forest 
soils the calcium cations are quite insignificant, Na and Mg predomi- 
nating. This, of course, does not necessarily apply to all forest soils, 
but the proportion of calcium cations in their water extracts is usually 
very much less than in calcium soils — a fact connected with the 
stability of colloidal dispersions in forest soils. 

Physical Characteristics . — The mechanical composition of forest, 
soils may vary greatly, for forests can develop not only in gravelly 
or sandy, but also in clayey soils. The clay fraction and humus of 
the heavier forest soils, being unsaturated, are deflocculated and sticky. 

If we submit to mechanical analysis the various horizons of a forest- 
soil profile, we very often find that in the R horizons the finer particles 
have accumulated at the cost of the A horizon, as may be seen from 
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the figures of Table LIII, which contains data for three forest soils 
collected by Ballenegger.* s 


TABLE Lll 


Percentage of Cation 
Equivalents , calcu- 
lated to Total of 
Cations ~ 100. 


A 19*8 | 31*9 ! 7*7 40*6 

Bj 12*3 | 34*3 9*6 43*8 

B, | 16*0 | 22*7 17*3 44*0 


8*8 ! 65*6 9*7 

4*7 j 07*8 j 10*2 
4*1 j 67*2 | 6*7 
1*7 j 63*3 5*0 


" ; 

Percentage of 
! Total Anion Equiva- 
Cation calculated 

Eouiv. to Total Cations 
in =100. 

: tlv V' 

j HCO s 

Cl 

■ 

S0 4 

I 0-91 45-05 

15-38 


0-73 28-77 

21*92 

19*18 

0-75 41-33 

13-33 

29-33 

M3 27-43 

7*96 

18-58 

1-27 2-05 

7*87 

43-31 

1-22 17-21 

6*55 

25-41 

1 1-20 35-83 

11*66 

33-33 


Equiv. Deficit 


of Anion 
Equiv. 


0*55 

| 39-37 

! 0*51 I 

30-13 

0*63 

16-01 

0-61 

46-03 

0-93 

26-77 

0-60 

50-83 

0-97 

19-18 


TABLE LIII 

I 

Diameter of Particles in mm. 


it "-'“* *'* i JLJL W trfrUfl/O, — — 

2 -0-0 -2 

0-2-0-02 

| 0-02-0-002 

j' . 

j 

<0*002 

r - 

Tenke, com. Bihar, i A 9-0 

Hungary. ! B g. 4 

j C 13-9 

42-8 

29-5 

36-8 

26-8 

23-4 

39-9 

21*4 

41*7 

19*4 

Kisvmyom, com. Vas, i A 13^8~ 

Hungary. ' B 9-7 

j C io-9 

47-8 
39-3 j 
35-0 

21-6 

19-9 

27-0 

16*8 

31*1 

27*1 

Nagy kanizsa, com. Zala, A 2-3 

Hungary. B 1-0 

C 1-1 

57*8 ; 

45*8 j 
53*3 

22-6 

24-0 

24-8 

17*3 

29*2 

20*8 
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Morpholcpcal Ck*racleri,u c ,.-The chief characteristic of forest 
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soil profiles is the difference in colour between the three main horizons 
(A. B, 0). The A horizon is the eluvial horizon beneath the humus 
cover; it is whitish-grey or brown, more or less compact, of laminar 
or platy structure, and when fully developed may be divided into 
three parts—- viz., the A 0 horizon, the raw humus cover formed from 
the fallen forest leaves, usually 1-4 cm. thick; the A s horizon, sharply 
distinct from the humus cover, its humus content having infill, rated 
front the humus cover and its colour being therefore darker than the 
lower and more completely leached-out part of the A horizon (the 
A 2 horizon). The latter in the case of well -developed podsol soils is 
ash-grey or whitish-grey; it has no definite structure, though its lighter 
colour distinguishes it sharply from the B horizons below if. Even 
in only slightly podsolic soils we can usually observe the lighter shade. 

The A horizons are followed by the illuvial B horizons, in which— 
owing to the partial precipitation and accumulation of colloidal dis- 
persions — the colour of the soil is darker and its structure nutty or 
prismatic. The darker colour originates from the precipitated humus 
and iron hydroxide dyeing the mineral material a blackish-brown or 
dark-brown. It is often possible to differentiate by differences in 
colour and structure several sub -horizons in the B horizon — viz., 
B p Bo and B ;i , 

The lower part of the B horizon, unless it contains a decided iron-ore 
layer, very often, gradually passes over into the parent rock. This tran- 
sitional horizon is often marked B-C or B 2 -C or by some similar symbol. 

In the C horizon we also often find accumulations, such as CaC0 3 
concretions, which have been leached down from the upper horizons. 
CaC0 3 concretions are naturally found only in those forest soils the 
parent rock of which was originally calcareous. In such cases the 
C horizon itself is also divisible into several sub-horizons — e.g . , an 
upper part containing calcium concretions (C Ca ) and the original 
calcareous C horizon (CCa). 

We may therefore characterise the different varieties of forest-soil 
profiles by the following symbols : 

A 

A A 

A 

B B a 

B 3 

c c\ 

' <v. 

On parent rock free 
of carbonates. 

The above symbols show only the simplest and most detailed 
articulation respectively; in nature there may be many variations 
in the intermediate horizons. 


CCa 


A.** 

A. , 
A s 

B, 
B, 
B, 

(yn 

€ Ca 


On calcareous parent 
rock. 
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Biological Characteristics.— The biological characteristics of forest 
soils have been fully described by several investigators, especially bv 
Professor Feher. In forest soils in general the microflora varies 
accordmg to the degree of solar radiation. The maximum quantity 
of bacteria is found m summer and the minimum quantity in winter 
ie relative proportion of anaerobes as compared to that of aerobes 

SteZliXZSr™ md ” inim " m of the Mai 
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dominates the anaerobic would appear to be a further confirmation 
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is burnt or is destroyed, -or if the land is put under cultivation, the 
original equilibrium is upset and a new and mobile equilibrium forms 
in. its place. Thereby the biological balance of the whole soil is 
naturally also modified in keeping with changes in the dynamic system 
of the whole profile, .and a soil metamorphosis ensues* the character 
and results of which are determined by the new circumstances. From 
the point of view' of systematises, however, the soil remains a forest 
soil so long as it shows traces of the original characteristics— even 
where the forest flora has perished either by natural or artificial means. 

From the point of view erf soil systematics the only criteria of decisive 
importance for the determination of a soil are the present dynamic , 
chemical, physical , morphological and biological chamcterisUcs of its 
profile . Therefore, where these criteria show the presence on* the? 
site of an original forest soil of a peat soil or a steppe soil, for instance, 
the soil in question has ceased to be a forest soil, because its whole 
dynamics have taken a different direction. 

Stage F. : Sub-Types of Common Forest Soils of Temperate Zones. 

We know very many varieties of forest soils, and they have been 
grouped in many different w T ays. It is my conviction that the sub- 
division of a main type must be effected on the same basis as the 
main type itself — meaning in this case that we must take as our basis 
the various degrees or intensities of the dynamic system afforest soils . 

We have seen that the most characteristic criteria for determining 
forest-soil profiles are the podsol and the accumulation horizons. We 
can distinguish three degrees in the development of the podsol horizon — 
viz.: (a) a well-developed whitish-grey or white horizon, the true 
podsol horizon (A 2 ). In this case the A horizon consists of A 0 , A v 
and A 2 , the first (A 0 ) being the humus cover of the soil, the second' (A,) 
being the upper part of the eluviation horizon more or less coloured 
by infiltration of humus from the surface cover, and the third (A a ) 
being almost white — the true podsol horizon — and sharply distinguished 
from the rusty-brown or blackish-brown B horizon lying below it. 
(b) In the second degree there is rio distinctly developed podsol horizon , 
the whole A x ami A 2 sub-horizons being united in a single horizon 
lighter in colour than the B horizon below it. This degree corresponds 
roughly to what Glinka calls a “slightly podsolic horizon. 9 ' What 
Glinka calls podsolic horizon* — the intermediate degree — character- 
ised by the A 2 horizon not being homogeneously developed, contain- 
ing only a few white spots or veins, is not definite enough to be used 
as a basis for the subdivision of the main type. This must therefore 
be included in the first degree, the difference being described as a 
difference of development, (c) In the third degree of podsolisation 
the eluviation horizon cannot be detected with the naked eye — i.e., there 
is no visible boundary between, the A and B horizons. In such cases 
* See- G linka, K. ; Typen d. RodeiihildungF p. 69. 
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produce profiles of varying character; while further variations may be 
introduced by local conditions. Such local conditions are ; 

(1) Orographical Conditions. — The local type varies considerably, 
particularly in the case of occurrences in mountainous regions, accord- 
ing to whether the soils occur on steep or gentle slopes, on the tops 
of mountains or in valleys. On slopes erosion may always assert 
its influence, although closed forests and the undergrowth, and humus 
cover of forests afford the soil effective protection against erosion 
and wind action. This can be seen by observing the profile of a soil 
skirting a road cut into a hillside ; even in the case of grey forest soils 
there are great variations in the depth of the rusty-brown B horizon. 

(2) Hydrographical Conditions. — We have seen already that the 
forest soils systematically occupy a position between the more humid 
meadow soils on the one hand and the drier “brown earths’’ or 
black steppe soils on the other. , Thus, where, for instance, the ground- 
water table rises near to the surface, the forest soil approaches nearer 
to the more humid type; while where the subsoil is dry it. approaches 
the drier types. 

(3) Local Climatic Conditions. — The climate exercises a profound 
influence on the development of the forest vegetation. It is compre- 
hensible, therefore, that in the case of local varieties the situation 
(whether the forest faces south or north), the usual direction of the 
rainfall, winds, etc., all affect the vegetation and thereby the soil itself. 

(4) Local Geological Conditions. — According to some authorities, the 
reason why Fallou chose as basis of his scientific classification of 
soils the geological or petrographical origin was that the quality of 
the brown forest soils or brown earths depends upon the local geo- 
logical conditions.* Although true podsol soils may be formed from 
all kinds of parent rocks — as, indeed, forest soils may be formed both 
from calcareous and non-calcareous rocks — nevertheless the quality 
of the parent rock determines the quality of the forest and still more 
the formation and quality of the local type. (See the section on 
“ Brown Earths,” Subsoil Order 13.) 

(5) The development of the sub-types is measured by the changes 
in colour, thickness, structure, etc., of the different horizons. This 
can be illustrated best by giving on a reduced scale the average t hick- 
ness of each horizon of the profile, adding in brackets the maximum 
and minimum values. 

Main Type 4 : Truncated Forest Soils. 

The reason why we have included this type is that forest soils are 
often formed on hillsides which are so steep that erosion washes away 
the upper horizons of the profile, the result being that the B horizon 

* See Fallou, F. A.: “Die Hauptbodeuarten der Kurd- un,d Ostsseel&nder 
des deutschen Reiches, naturwissenschaftlich wie landwirtschaftlicli betrachtet,” 
Dresden, 1875. 
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becomes the upper (surface) layer, without there being any chuw 
however, jn the original dynamics of the soil. y a ge ’ 

The truncated forest soils retain the character of true forest soil. 
On them, also, a temporary humus cover is formed, with an accumula- 
o (eluviation) horizon below it; but both are periodically washed 
away by erosion, leaving only traces of the 
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str'tz’S r r d ™- s, « k 

rsre l lor , solls . hl sj>ly decomposed, podsol horizon 

Deutschland (rheinisohes Schief^ b “) Z PoL ,p„Whe mVl‘ 
gebirge), inNorwegen (im Siidenund anderatlantisehmoKUste) ^Nacli 

ws, 1- i «rd~ i f Sd iid “ n§ 2 ° 

mZfu^P sm "' eidW die ” B Horkonto oX n we„”ger mShtig’S 

Main Type 5 : Degraded Calcium Soils, 

tionTta T'S STou'm f‘ B ° f f CO,,di “ y formati “> ; degrada- 
calcium soils tire process comistsTn?!? 08 ' 8 ; - 1 ” * he degradation of 
hydrogen soils As such k th ® , caIcium 8oiIa changing into 
differing f rom the therefore > to Soil Order 10, 

not only the positive chamotte profiles shouting, 

residual characteristics of the J lS lcs °J degradation, but also certain 
tion itself T k T T ls - The term degracla- 

and Kokzhtnskii although a ippe /. oresd sods ln lg 88 by Kostuichev 
nosems were fet ^^Sd ZT S • ° degraded ^ 

ln this main tune nnv h* f* id described by Ruppbecht in 1860. 
definition— secondary imdsolie "1° .j ncll ?ded— following Glinka’s later 
nosems in an advanced stacp f i 01 8 j' 1 can be shown to be tsher- 

not only ? ore ^ntly, however, 

also that of rendzinas has iwv, ^ fl ^ C , ogen sod s of tshernosems, but 
The term + be ?. n deiined as degradation.? 

occurs when a adciunfsoifch f " & d f crease in value . which actually 
calcium soil changes into a hydrogen soil, both from the 

* ci . 


t *??*■' Wit. 

t See Stsemme, H “D;o'' HPt Ty ^® nder 1 Bodenbildun g>”P- 86. 

' ' " uirr-d P® d ^ h ® rt ^» graven WaldbSden d 

xianctD. a. Bodenlehm ’ 5 Vr*i ttt _ 


Waldsteppe ” (Biabjck*® “ podsolierteh grauen Wal 

5 '»* 


CHARACTERISATION AND CLASSIFICATION OF SOIL TYPES 207 

agricultural point of view and as a result of the destruction of the satur- 
ated humus zeolite complex. This destruction is caused by a perma- 
nent change in the dynamic system of the calcium soil, thus producing 
a new main type. The transformation is gradual, lasting until the 
calcium soil has lost all its original characteristics and the whole 
profile has been converted into a typical forest or wet meadow soil. 
But as long as it is possible to detect traces of the original calcium - 
soil character, the soil is a degraded calcium soil 

Stebutt described the process of alkalisation also as a kind of 
degradation, using the term “ alkaline degradation ” to distinguish 
it from other kinds. But since alkalisation is simply one form, of 
sodium-soil formation, this phenomenon will be discussed under 
Soil Order 12, below. 

Genetic Characteristics. — Russian scholars long ago discovered that 
on the northern boundary of the tshernosem zone, where the latter 
adjoins the southern boundary of the forest zone, forests are continu- 
ally encroaching on the steppes. The transition is gradual and leads 
to the development of what is called a steppe-forest zone, in which the 
steppe vegetation is gradually being ousted by forest vegetation. 
Florov rightly described this zone as the battlefield of the two plan 
associations. * Similar battlefields have been found elsewhere. Degra- 
dation means a victory of forest over steppe. In his monograph on 
Russian tshernosemsf Kossovich gives a very interesting description 
of how in former times the .Russian tshernosem zone stretched much 
further north and how by the constantly increasing humidity of the 
climate and the expansion of the forest vegetation encouraged by 
these conditions the forests gradually encroached more and more on 
the steppes. Very instructive are the arguments and proofs adduced 
by Kossovich for the purpose of showing that the greater virility 
of the forest in comparison with the steppe vegetation has resulted 
in some of the prehistoric steppes being covered with forests. Florov 
summarised the effect exercised by forests on tshernosems as follows ;$ 

(I) As a result of the forest vegetation the upper horizon becomes 
constantly and uniformly more humid than it was when covered by 
steppe vegetation. (2) The forest litter provides the soil with a loose 
humus cover; but the soil contains less dead organic matter than 
under grass vegetation, which dies out every year and produces an 
intimate and homogeneous mixture of humus and the mineral soil 
particles. (3) When the organic matter decomposes, the humus 
formed in the forest soil is acid and mobile,, whereas the humus formed 
in a steppe soil is neutral and stable. 

Thus, when a forest encroaches on a steppe, the soil begins to alter 

* See Florov, N. : Armai. Inst. Geologic al Romaniei, Vol. XI. (1925), 
p. 69. 

t See Kossovich, 3?.; Dio Scliwarzerde 55 (1912), p. -28. 

t See Florov, N. : op. cit. } p. 75.- 
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in keeping with the dynamic system of the forest soil. If we traverse 
a primeval region untouched by man, and starting from the sterme 
zone pass towards the forest zone and penetrate farther and farther 
into the forest, we may follow practically step by step the advance of 
degradation as shown in the soil profile. This might be called a 
development of podsolisation, for ultimately we find a true podsol 
But since m this case the process of transformation gradually destroys 
the results of an earlier constructive process, we are justified in 
calling it degradation. J in 

Dynamic Characteristics . —The dynamics of degradation consist 

simply in the acid leaching of a 
soil saturated with calcium. The 
tshemosem extract — and, indeed, 
that of all calcium soils — is 
neutral or slightly alkaline; and 
the chemical changes of the whole 
soil are dominated by Ca cations. 
In an acid medium the dominant 
cation is hydrogen, which gradu- 
ally expels the calcium from its 
original position. This applies 
not only to tshernosems but to 
all base-saturated soil types, but 
since the process of degradation 
lias been investigated chiefly by 
studying the degradation of 
tshernosems, most of our ex- 
amples are taken from these soils. 
The. degradation of rendzinas, 
for instance, is similar in many 
Fia. 18. respects. 
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the gradual browning of the black horizon, while the moment the grey 
colour appears — i.e., when the process of podsolisation has developed - - 
the soil is called a podsol. 

In my opinion we must distinguish from a pedologicai point' of 
view between podsolic soils which still bear traces of the original 
calcium soil characteristics and those soils which were originally 
formed by the dynamics of podsolisation. In my soil system, there- 
fore, all those hydrogen soils which were originally calcium soils and 
were later transformed into hydrogen soils are included in the present 
main type (degraded calcium soils) differences in the degree of trans- 
formation being dealt; with in the different subdivisions. The dynamics 
of degraded soils therefore comprise not only the primitive degradation 
as defined by Stebutt, but also the further processes of degradation 
described by Florov, in which not only water and carbon dioxide 
but also acid humus exercises a destructive influence.. 

It is a pity that soil science literature does not contain any figures 
of hydrochloric extracts of degraded soils. As regards the absorbing 
complex we have some information about the T complex of the 
profile of a degraded steppe soil from Hajdudorog in Hungary (Fig. 18). 

The analysis of the soil profile— the results of which are given in 
Table LIV. — was made by .Dr. L. Kotzmann. 
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*75 , 

2*04 ! 

24 

*34 

30 

60 

: 22 

63 

61 6 

1 28 

79 

78*60 

; 65 

30 

9*66 

1 

*35 

2*29 

21 

*40 

60 

90 

20 

82 

3*4:0 

i 24 

22 . 

85*96 

; to 

68 

1 1*15 

1 

■36 

2*77 

14 

04 

90 

120 

17 

75 

2*18 

■ 19 

■13 

| 89*06 

.! 87 

•23 

14*35 

1 

*61 

4*87 ; 

10 

*94 

120 

150 

' II 

99 

2*00 

! 13 

■99 

1 85*70 

1 22 

*87 j 

35*74 

2 

*00 

25*09 : 

14 

• 30 


It will be seen that the upper horizon has already taken up hydrogen, 
though Oa cations still predominate. The beginning of degradation is 
shown by the leaching down of the carbonates and by the pH value 
and acidity figures. 

Table LV. shows that the carbonates have been driven down to 
a depth of 90-120 cm. by the degradation, the upper horizons (0.-30 
and 30-60 cm. respectively) being already decidedly acid. 

Table LVI. contains the figures for the water extracts. 

So far very little has been done in the way of a chemical examination 
of degraded soils; for, being regarded as transitional soils, they have 
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TABLE LV 


Depth of 
Horizons . 
in Cm. 

CaC0 3 

0/ 

/o 

MgC0 3 

% 

pH Value in — 

Hydro- 
lytic 
Acidity 
with Ga- 
Acetate. 

Total 

co 2 % 

h 2 o 

KCl 

0-30 

30-60 

60-90 

90-120 

120-150 

4-41 

10-63 

0-12 . :l 

0*5! | 

2-01 

4-96 

7-02 

7-02 

7- 47 

8- 65 ! 

9- 05 | 

i 

i 

6-07 

5- 90 : 

6- 28 i 

7- 82 ! 

8*30 i 

15-00 

13-38 

7-10 

1*42 

0-40 


TABLE LVI 


Depth of 
Horizons 
in Cm. 

Percentage of Cation 
Equiv .» calculated to 

Total Cations = 100. 

Total 

Cation 

Equiv. 

in 

mg. 

Percentage of 
Anion Equiv., cal- 
culated to Total 
Cations = 100. 

Per- 

centage 

Deficit 

on 

Anion - 
j Equiv , 

Ca 

! Mg 

j. 

j K 

J. 

| Na 

!hco 3 

i 

Cl 

so 4 

0-30 

30-60 

60-90 

90-120 

120-150 

44-23 

50*38 

58*68 

49*70 

21*47 

j 13-46 
17-56 
10-78 
12-12 
19-21 

1 

! 12-50 
6-87 

5- 99 j 

6- 67 1 
4-52 ! 

1 

29-81 

25-19 

24-55 

31-51 

54-80 

1-04 1 
1-31 I 
1-67 
1-65 
1-77 | 

73-08 
73-28 1 
59-28 | 
49-70 1 
40-68 : 

4-79 

10-91 

18-08 

3*83 

12*97 

20*36 

40*61 

42*37 

23*08 

13*75 

15*57 


been neglected. Recently, however, we have been finding more nul 

rShiT* Mee S r n f 0t d gmd ? d ^emosems, but alfo degraded 

to has sh ,wt" ihJ T a , degraded S0il found Hildesheim 

-citat o S f degradation may be caused not only by forest 
vegetation, but also by an increase of humidity. ' 

of Sum 0f the ver ^ common occurrence 

Ln examined from f °5 t hat . raan y ^graded calcium soils have 

not yetTeen^ loZls 1 J TJ P Tl ° f ™’ thou § h the data have 
vet able fnllv +« fc ?, elaborated, and consequently we are not 

What we can do ~ 10 Physical characteristics of degraded soils. 

' • , to draw general conclusions respecting the changes 

cZ^stSi 0f de g radati en- e . ? ., that the favourable 
iXcoarse clods * ff? I'TT graduall y “ore dense and forms 
-ra )hs of th e aS ^ I ^ e ? ed ve ^ strikingly in Elokov’s photo- 
G 1 116 negates of tshernosems and degraded tshernosems. 

See Blanch's “ Handb. d. Bodenlelire,” Vol. III., p. 51s. 
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Morphological Characteristics.— The morphological characteristics 
of degraded soils are described most exhaustively in the work by 
Flokov already referred to. Since the development of a soil type 
is involved, the morphological characteristics become more and more 
pronounced as degradation advances. The first morphological change 
in evidence is in the colouring of the soil profile/ In the case of 
tshernosems, for instance, we usually find that the black or dark-brown 
humus horizon reaches very far down and then gradually blends with 
the subsoil. The first sign of degradation is when, as a consequence 
of the accumulation of silica particles in the upper horizon, the black 
colour turns grey, and the lower part of the humus horizon brown. 
The latter process is due partly to efflorescence of iron hydroxide and 
partly to the decomposition of humus. Before the brown layer is 
formed from the humus horizon the CaCO ;i is leached out and re- 
precipitated, forming a sharp white line effervescing with acid. The 
mycelium-like precipitate of CaC0 3 in the black horizon of tshernosems 
gradually disappears and is reprecipitated in the form of powder and 
microcrystals. 

The original crumbly soil structure is also gradually transformed, 
the result being that in the upper eluviation horizon we get a hori- 
zontal plate-like or horizontal small prismatic structure in place of 
the original finely granular structure. So long as the surface of the 
crumbs is porous (spongy) and crumbling, the surfaces of the laminar 
and prismatic small clods are smooth. The brown horizon, originally 
consisting of coarser crumbs or granules, assumes sharply defined 
boundary surfaces and creates the impression of regular, upright 
prisms. As we proceed downwards the size of these prisms increases, 
but if we hammer to pieces a large prism it breaks up into smaller 
prisms with smooth surfaces and not into crumbs with undulating 
surfaces, as do the coarser crumbs of tshernosems. From the coarse 
crumbs is formed first a so-called “ nutty structure/ 9 which differs 
from the coarse granular structure in that, although it does not form 
regular pencil-shaped prisms, the surfaces of the irregular nut-shaped 
cuboid clods are no longer spongy (porous) but smooth like nut- 
shells. When these clods are crushed, they usually split up into 
small prisms. Sometimes the lower surface of the soil prism is much 
larger than the upper surface, so that it resembles a pyramid. The 
structure is then called pyramidal. 

Flokov has endeavoured to illustrate these differences in structure 
fay photographs, but only trained experts are able to discern, the 
differences, for their description is still defective and imperfect. 
Trained soil surveyors, however, are able, with the help of the morpho- 
logical characteristics, to differentiate several stages of tshernosem 
degradation. 

Biological Characteristics . — These range somewhere between the 
tshernosem or Ca soil and the podsolic soils respectively. The nearer 
the approach of the degraded soil to the true podsols, the greater the 
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resemblance between its biological characteristics and those of podsol 

SOlls '„ T l' e „ mere fact that the vegetation causing the degradation 
usually differs completely from the original vegetation involves 
definite change in the soil biology (e.g., where a steppe soil is converted 
into a forest soil). In the first place the rodents which eat the roots 
oi the grasses and prefer a dry soil disappear. The only remains of 
these animals found today are their burrows and holes' washed out 
from above and filled with soil. Gradually the soil ceases to be a 
fit habitat even for earthworms, which consequently die out too 
At present, owing to a lack of positive data, we are not in a position 
o offer any opinion as to what changes take place in the microflora 
and microfauna. A certain amount of information is supplied by the 
fact ascertained by Florov that, whereas original tshernosems did 
to nitrate fertilisers, the progress of degradation increased 
“ of lutrates - llus Phenomenon may be explained as the result 
(t a decrease of humus and a weakening of nitrification. There 
W,! 3 ! I 10 doub *> ^ however that during the process of degradation 
humus decomposition and the microflora responsible for it show ever- 
inereasing activity. 


Stage V . ; Sub-Types of Degraded Calcium Soils. 

Most, soil scientists group degraded soils according to degree of 

thf^dARi - and C f er °f- ly - “ the nuraber and characterisation of 
? ey distinguish. Florov, who has most ex- 
“ t ! e degradation, has divided the degraded tshernosems 
it bl f , m ° st scle , ntlsts know only three grades, so that 

diviL of the “ tiiree *"*• - th « “ ** 

Sub-Type 1 : Slightly Degraded Soils. 

larfflL^wf ^.^cture has changed to some extent to a 
some wLf 'rl tl h<3 f J ark C ° ,° Ur ° f the humus horizon having turned 
Sa tei r ! mg alS ° 6vident a “ meal -y ” efflorescence of 
visible I S " 6 transitions are still distinguishable and there is no 

Therehas hlen g ' n? ? arbonate ho ™ usually lies fairly deep. 
Ciotovines are p« evS^Xre ^ ‘‘ ydr ° Iytic “ Mity <“ bov<! "•»>• 

&ubType 2 : Dark-Grey or Brown Degraded Soils (Slightly Podsolic). 

horizon development of a brown illuviation 

upwards Hs f the , loWer 1>arfc of the blaek horizon and spreads 

cm cretLs -fT f 7 18 shar P ly demarcated by carbonate 

acSi v is il “I l0St its ori S inal crumb structure, while 
here too. y ' ncreaf>ed and penetrates deeper. Grot ovines are found 
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Sub-Type 3 : Grey or Light-Grey Degraded Soils (possessing Definite 
Podsolic Horizons). ' 

These soils have another horizon (the podsolic horizon) characteristic 
of podsolisation; its structure is laminar and it is ash-grey in colour, 
with an eluviation layer often quite white in its lower part and differing 
entirely from the brown illuviation horizon below it. In this stage 
of degradation we can distinguish five very distinct horizons : (a) the 
upper grey or light-grey humus horizon (A ); (b) the whitish podsolic 
horizon (A 2 ); (c) the brown illuviation horizon (B); (d) the horizon of 
white carbonate concretions (C,); (e) the original loess (C a ). In the 
upper horizons the degree of unsaturation and the acidity' approach 
the values of true podsol soils. The only remains of the steppe soils 
are eroto vines. 

Strictly speaking, the above subdivisions apply only to degraded 
tshernosems transformed as a consequence of forest encroachment. 
Steppe soils undergoing other forms of degradation, as well as degraded 
rendzinas, must be treated as supplementary sub-types — e.g.: 

Sub-Type 4 ; Steppe Soils degraded by an Excess of Ground Wafer. 

Stremme* describes a profile of this type from the neighbourhood 
of Bavenstedt near Hildesheim. 

Horizon A r — Blackish-brown, loess-like loam, 40 cm. thick, consist- 
ing partly of crumbly and partly of polygonal clods, though on the 
whole schistose in structure and without iron concretions. 

Horizon A 2 . — Dark brown, loess-like loam, 80 cm. thick; structure 
partly polygonal but predominantly schistose; sporadic iron con- 
cretions and slightly porous. 

Transitional horizon, with numerous crotovines. 

Horizon B. — Pale yellow, reddish loess-like loam, with patches of 
humus; very calcareous, with iron-rust stains pointing to a high water 
table; moderately porous. 

Horizon C not determined. 

Sub-Type 5 : Degraded Rendzinas. 

Stremme describes several profiles of degraded soils formed on 
limestone which show the peculiarities of one-time rendzinas ( e.g 
sharp humus boundary above limestone horizon), though both the 
grey colour of the upper horizon and the brownish rusty horizon (B) 
indicate degradation of a calcium soil.f A characteristic feature 
would seem to be that below the brownish B horizon there may be 
found some remains of the original black humus layer, which Stremme 
calls A ;} , and which is in marked contrast to the limestone subsoil. 
Chemical analysis of one of these profiles shows that the accumulation 

* See Stremme, H. : “ Degradierte Boden ” (Beanck’s '*Haiidb. d. Boden - 
leh re,” Voi. III., pp. 511-12). 

f See Stremme: op. cit., pp. 518-21. 
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of Si0 2 iii the upper horizon and of A1 2 0 3 and Fe 2 0 3 in horizon B « 
the same as m podsolic soils. ls 

Stage VI. : Local Varieties. 

These are not yet sufficiently well known to enable ns to ffive a 
general characterisation; but it is probable that here too the & local 
orographical, hydrographical, climatic and geological condiim 
influence the local character of the sub-types. ° ditions 

Soil Order 11 : Calcium Soils 

(Main Type 1: Tshernosems or Black [Dark-Brown] Steppe Soils). 

Genetic Characteristics.— Black steppe soils are formed where the™ 
is a degree of humidity and a level of temperature sufficient to urn 
mote mineral weathering and humus formation, but without excessm' 
soil leaching or the complete decomposition of organic mattei Tn 
these soils the alkali salts are leached out of the uppS hor Son CaCO 

5 aJ "° more or . ess wa shed down into the lower horizons thouvhfn 
the humus zeolite complex there is 1 ’ wiougn 111 

Ihe Russian tshernosems are formed in elima+^c. il . . . 

of which is associated with hot summers anrf q * ± — m l" aric ^y 

sssssisss 

In Europe . . 

In the United States 

Meyer’s N-S-Q values are : 

In Europe 

In the United States 

Kqnke ‘ 1 S%, ‘ % 

tewSy SL X r t t d T bl ?’ nevert heless most 

only ex4«om% Zd. “* ° f * ; it is 

t S T ,y 8to PP°: - of file 

origin of tlio tom, •' ateppi.” P d by «<« being the 


40- 70. 

41- 152. 


125-350. 

142-323. 


235 


CHARACTERISATION AND CLASSIFICATION OF SOIL TYPES 

This grassy steppe vegetation does not, however, consist solely of 
Stipacem. In Russia there are two distinct plant associations of the 
kind. The first is the Stipa -steppe vegetation proper, the dominant 
plants of which are Stipa capillata ■ (common feather grass), Stipa 
pennata , Stipa Lessmgiana , Festuca. sulcata. In frequent association 
with these are : Koeleria cristata , Triticum. crista turn , Poa bulhosa, var. 
.vivipara , Carex stenophylla, Medicago faleafa , Tulipa Gmncriami , 
/m piimila , etc. 

The other plant association — the meadow steppe — is far more varie- 
gated, as besides Graminaceae large numbers of dicotyledons occur. 
The plants of the /SWpa steppes occur too, though not to so consider- 
able an extent as above, and the following additional plant species 
are associated with them: Adonis vernalis , Adonis volgensia , Salvia 
nutans , Salvia austriaca , Astragalus pubiflorus, A stragal us asper , 
Onobrydies austriacus, Gypsophila panicuktta , Centaur ea marschaUana, 
Cmtanrea trivernia , Phlomis tuberosa, Aster amelias , (Jambre latarica , 
Staiiee latifolia , P mania tenui folia, Phlmrn Baehmeri , Triticum, mmo 
sum , etc. In moist depressions the following Graminaeeee are dominant : 
Pou pratensis , Triticum repens, Hierochloa odor ala, mixed with the 
following dicotyledons: Libanotis Montana , Trifolium prateme , Inula 
salicina, Filipendula Ulmaria. 

The typical fauna of steppes are earthworms and rodents living 
in the earth; we often find the underground burrows (crotovines) 
of the latter containing their skeletons. These latter do not live in 
forest soils, being found at most on the fringes of forests. They are, 
indeed, serious obstacles to the formation of a forest, for they attack 
the young trees and their roots. The earthworms, which are also 
often found in well aerated forest soils, play a prominent role in the 
development of the crumbly structure of tshernosems.* 

The microbiological properties of tshernosems are little known at 
present, but from the general behaviour of these soils arid from their 
chemical and physical composition we ' can conclude that the most 
important processes prevailing in these soils .are oxidation and aerobic 
decomposition, which produce the mild humus so characteristic- of 
tshernosems— though their formation is certainly also conditioned 
by their whole dynamic system being dominated by calcium cations. 

Dynamic Characteristics. — The circumstances governing the forma- 
tion of tshernosems are such, that the bases released during the weather- 
ing of silicates are only slightly leached out. The easily soluble 
alkali salts are leached out of the upper horizon — frequently, indeed, out 
of the lower horizons too ; but the less easily soluble salts of Ca and 
Mg (CaC0 3 , MgC0 3 and CaS0 4 ) are only partly leached. . Thus the 
decomposition of silicates is practically dominated by Ca cations, the 
first result being Ca zeolites — i.e an absorbing complex saturated with 
calcium. Whether we imagine the process as taking place through 

* See Kossovioh, P. ; “• Die' • Sehwarzerde- (Tschernoziom),” Veri. f. Facie 
literatur, Berlin (HU 2), p. 48. 
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the complete silicate decomposition and subsequent zeolite formation 
described by Stebutt, or conceive it as resulting from the partial and 
gradual hydrolysis and decomposition of the original silicates— in 
both cases alike the result is a complex saturated principally with calcium 
feTEBUTT calls these soils zeolite-forming. No calcium zeolites can be 
lonned or remain, however, unless there is a predominance of calcium 
cations in the. soil solution too . J 

As regards the dynamic equilibrium of the soil, the essential thiim 
s that steppe vegetation only develops where it finds sufficient mineral 
nutrients to satisfy its high mineral requirements. The grass roots 
bring minerals up from the lower layers, the result being that the dead 
vegetable matter on the surface actually increases the base content of the soil 
I his is why tshernosem soils— even when they are excessively 
buimferous-are never acid and are always rich in plant food 

n>wIV Ud / ed ’ r ys tha * m the natuml state tshernosems become 
and 'richer because the steppe vegetation concentrates in the 
upper horizons the stock of plant food of the lower horizons. To 
this is largely due the saturation of the humus-zeolite complex 
principally with Ca, though partly also with Mg 1 ‘ ’ 

cotula tlTTTu 6 ° f 7? la r er f f t the colloidal eom P ]ex is also 
in^. i ' r r 7™’ therefore ’ does not migrate, the deep humus 
layer being formed in situ from the dead vegetation. Another point 

toad dZ nt th?thioknt ? e f d H P0Siti ° n °, f tllS falling dust sti11 continues 
, ! to the thickness of the upper layer. The fauna livum in the 

horizons. 1168 ^ ™ g ° f the materials untamed in the different 
The dynamic characterisation of tshernosems would be incomplete 

bettid con.^uenceVf 311 

h 1 sesquioxides Fe<fi z and AW, -are immobile, while 

rnnl ! *p dlogen and sodium soils respectively they are mobile! The 
• n 10 Predominance of the Ca cations ceases, either owiim to 
an increase m the number of H ions (as in the case of degraded tshem 

of ■Ilk Hi 7' T a consef f lf f lc ® of the infiltration of Na ions (ts in the case 

the remit be7u7Tb niS f ^ the f ' squioxides and the humus migrate, 
!. , e " g the formation of the well-known duration (A) and 

Inthe tsherl 7 a ? entird -> 7 Peking in tshernosems. 
mlctn Z Zlir ^ u taken in the tower layers usually by a ' 
ChZiZ rl T-T by a J yi>mm) emulation horizon. 
u7n T l C ^ ac l enshcs —^ consequences of the dynamic con- 
S? o liTcti ^ r ar ! alS ° evident in **>6 chemical composition, 
the mhtrol' S, “ vestlgatl ons showed that the composition of 
whole me fi e S practically unchanged throughout the 

haSOften bem ^oneously interpreted 

1“ the ttht Srjf 4 ’* W0 leachin * h«t as Kossovxch 
nor t1, lr g leaching of bases is counterpoised by their trans- 

Srricutei? 1^7 h Z the station. Thus, leaching, 
er so uble sodium salts, occurs in tshernosems 
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also, but it is characteristic for the leaching medium that it is dominaiedl 
by calcium ; cations , result being that the, reaction is practically m aired 
or only slightly alkaline , for the soil contains a considerable amount 
of CaC0 3 , the alkalinity of which in pure water corresponds to 
pH =8*0-8*3. 

In the work by Kossovich already referred to there is a large 
number of soil analyses which enable us to summarise the chief 
characteristics of tshernosems as follows,* 

- ' One of the characteristic properties of tshernosems is the remark- 

“ably high humus content, which in the case of the Russian tshernosems 
most frequently amounts to 6-10 per cent, in the upper horizon (roughly 
20 cm, in depth). Among more than 1.000 protiles examined there 
were, however, also soils with a humus content of less than 4 pen: cent., 
there being others with 20 per cent, or more. A point of special 
interest with regard Id the origin of this soil type is that the soils 
richest in humus are found on the central line oft he tshernosem zone, 
while those poorer in humus occur on the borders. 

The reason for this phenomenon is that on the boundary between 
the tshernosem zone and the northern 'humid zone the tshernosems 
are degraded, the humus becoming mobile as a consequence of the 
leaching of calcium. In the southern boundary zone, on the other 
hand, the drier climate causes a scarcity of humus-forming vegetation. 
This fact at the same time affords striking evidence of the importance 
of climate in the formation of tshernosems. 

The humus of tshernosems is saturated and stable; consequently 
^ it hardly disperses or dissolves at all. The Russian scientists have 
always taken this circumstance into account and have determined 
the ratio of the water-soluble to the total organic matter. The pro- 
portion of water-soluble organic matter in Russian tshernosems is 
0*02-0*05 per cent., representing 05-0*7 per cent, of the total 
organic matter. The organic matter itself is absolutely homogeneous, 
without any trace of the original plant structure. It may be regarded 
as completely humified , making these soils a striking contrast to the turf 
soils , which are also rich in organic matter* The humus content usually 
decreases with depth in the. profile, the decrease being generally gradual 
and only occasionally rapid. The richness in organic matter is accom- 
panied by a high nitrogen content — usually from 0*2 to 0*5 per cent., 
representing barely 5 per cent, of the total organic matter. 

Although the mineral part of tshernosems varies considerably, the 
composition — apart from the carbonates and the humus— is practically 
the same throughout the profile. This is illustrated by Glinka’s 
data relating to an East Siberian tshernosem profile :f 

* It should be noted that since the appearance of Kossovich’s work many 
chemical problems which were then unsolved have been cleared up, particularly 
as a result of Gedroiz’s researches. Due account has been taken of the new 
data in the present work. 

f See Glinka, Iv. : “ Typen der Bodenbildung,” p. 1.28. 
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TABLE LVII 


Horizons. 

A, 

a 2 

c 

Loss on ignition 

SiOo 

ai 2 o 3 

Fe 2 0 3 

CaO 

MgO 

k 2 q 

Na 2 0 

11-04 

58-32 

15-87 

6-09 

3-42 

2-05 

2-20 

1-37 

6-38 

61-28 

18-00 

6-62 

2-80 

2-29 

2-15 

1-59 

4-63 

62-50 

17-70 

6-50 

2-91 

2-21 

2-44 

1-50 

Total 

100-36 

100-11 

.100*29 


; Ff T e cal f x 1lIate the results s| iown in Table LVII. to material free of 
organic matter, we get the following figures: 


TABLE LVIII 


Horizons . 


A, 


SiO, 

ai 2 6 3 

CaO 

MgO 

k 2 o 

]S r a 2 0 


65-55 

17-84 

6-84 l' 24 ' 68 

3-84 

2-30 

2-47 

1-54 


A« 


65-45 

19 ‘ 22 \ 95.99 
6-00 J ^ 

2-99 

2-44 

2-29 

1-69 


65-53 
18-56 1 
6*81 / 
3-05 
2*31 
2-45 
1-57 


25.37 


is H that * he imneral composition of the whole profile 

K J ^ fc - v the same. This is not always strictly so, but, as we shall 
see later on, the hydrochloric extract gives similar results. 

t s 1 1 e r n so mT 1? f ? > ° f th ® 1 chemica 1 1 characteristics of the Russian 
iSn t ? nf ■ hil \ hem sa PPlemented in an instructive manner bv the 
St VT investigations of Hungarian black steppe soils.* 
r , L11 ' shows the fusion analysis of a black steppe soil from 

CMed ^ 1050 a ^ ofh^ine 

lower^horhons^trf ^ the have been leached out into the 

m tit es of Np n 7'i + C “ 1Slderable extent > together with smaller 
in IS “J W 0, Whlle nf? organic m atter (C X 1-72) has accumulated 
the uppei hoiizons. Ihis is confirmed by the hydrochloric extract 
analysis as shown in Table LX. y o exnact 

uuf Lossunteon-urur' xw Ko . TZMANN ’ L - : “ Steppensclnvartzerde 

(Math. u. Naturwissentschaftlieher Anzeiger d une 
Akademie d. Wissenschaften), Band LIII. (1936), p . 91. g 11 



Fusion Analysis , calculated to Soil dried Percentage , calculated to Humus - anri Carbonate- 

at 105°, m %. Free Soil" 100. 
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The essential point here is that the figures relating to Fe 2 0 3 , A1 2 0 3 
and soluble Si0 2 remain practically unchanged throughout the profile, 
whereas in the case of forest soils and alkali soils, for instance, the 
above constituents migrate downwards and accumulate in horizon B. 

Table LXI. gives the data of the saturation conditions of the absorp- 
tion complexes of three Hungarian black steppe soils. 

These soils are 98-100 per cent, saturated, the Ca being the domi- 
nating cation in the upper horizon. 

Table LXII. shows the composition of the water extract of the same 
three Hungarian tshernosems. 

In the upper horizons the dominant anions are the carbonates, 
whereas in the lower horizons there are also considerable quantities 
of sulphates and chlorides. This undoubtedly shows that the mobile 
alkali salts are probably not completely leached out from the lower 
horizons. In the central and northern zones of Russia the accumula- 
tion horizon of the alkali soils probably lies much deeper than in the 
Hungarian lowlands, which are drier than the central and northern 
zones of the Russian tshernosems. Hence exchangeable sodium 
accumulates in the lower horizons, as has occurred in the case of the 
above-mentioned black steppe soils. 

Of special interest are the relative quantities of water-soluble cations. 
Though the data of Table LXII. show that the dominant cation 
in the upper horizon is calcium and that Na, K and Mg cations in- 
crease with the depth at the cost of Ca, these facts are seen far better 
from the data of Table LXIIL, which shows the mg. equivalents 
of the water-soluble cations and the ratio of the same to the total 
cation equivalents. 

Table LXIV7 shows the reaction conditions and carbonate contents 
of the soils. 

Physical Characteristics . — Practically the only permanent physical 
characteristics about which we possess pedological data are those 
referring to the mechanical composition. It. is, however, difficult to 
compare the results of the various methods used. In the work already 
referred to, Kossovich gives two tables showing comparable data, 
from which it may he seen that the mechanical composition of tsher- 
nosems varies considerably, a fact to be attributed to the varying 
character of the parent rock. However, as in the case of the chemical 
composition, there are no important differences in the mechanical 
composition of the horizons of any one profile. 

Table LXV. gives the mechanical composition of the profiles of the 
Hungarian black steppe soils referred to above. 

We find all sorts and conditions of tshernosems— from sand to 
heavy clays. 

Nevertheless, both the Russian, and the Hungarian tshernosems 
(black steppe soils) belong for the most part to the category of clay 
soils possessing a medium or low degree of plasticity— probably the 
result of the absorbing complex being saturated with calcium. 
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TABLE LXIV 


Soil, 

Depth of 
Horizon 
in Cm. 

pH 

in — 

H 2 0 KC1 

CaC0 3 

o 

,o 

MgCO, 

o 
, o 

Total 

n>* 

o 

/O 

Mezohegyes 

0-30 

8-41 

7*70 

5*31 

0*61 

2*67 


30-60 

8*48 

7*79 

12*90 

1*07 

6*24 


60-90 

8*44 

7*89 

14*43 

1*49 

7*13 


90-120 

8*4.9 

8*12 

; 14*40 

1*65 i 

7*20 


120-150 

8*41 

7*99 

; 15*63 

2 *32 

8*09 

Gyula 

! 0-30 

8*88 

8*34 

; I *69 | 

0*10 

0*80 


30-60 

9*00 

8*48 

I . 5*25 1 

0*28 

2*46 


60-90 

9*00 

8*56 

7*95 ! 

0 * 4.4 : 

3*74 


90-120 

9*15 

8*75 

10*08 

0*97 

4*95 


120-150 

9*24 

8*72 

13*12 ! 

1 *56 

6*62 

Bekescsaba 

0-30 

■ 8*89 

8*15 

: 2*70 ; 

0*1 1 

. 1*25 


30-60 

| 8*79 i 

8*31 

7*58 ! 

0*25 ; 

3*47 


60-90 I 

8*75 

8*48 

; 13*82 1 

0*26 i 

6-22 


90-120 

8*79 

8*21 

12*02 

0*48 

5*53 


120-150 ! 

9*05 ; 

8*41 

10-56 

0*53 

4*97 


TABLE LXV 


Soil 

Depth of 
Horizon 
(Cm,). 

Coarse 
Sand 
(2 *0-0 *2 
Mm.). 

Fine 

Sand 

(0*2-0*02 

Mm.). 

Silt 

(0*02-0*002 

Mm,), 

Clay 

( < o - o < 
Mm.) 

Mezohegyes 

0-30 

2*9 

47 '8 

25*9 

23*4 


30-60 

3*1 

48*2 

26*1 

22*6 


60-90 

2*0 

40*9 

30 3 

29*8 


90-120 

3*3 

45*8 

29*9 

2 1 *0 


120-150 

2*9 

47*1 

29-7 

20*3 

Gy ula 

0-30 

1*8 

i . 55*4 

27*9 

1 4*9 


30-60 

: 1*2 ■ 

54*3 

29-9 

14*6 

• • . ■ • . | 

60-90 

■ 2*0 

51*9 

30*8 

1 5*3 

' ■ ■ 

90-120 

2*5 

52*4 

29*0 

16 * 1 . 


120-150 

■ 2*2 ' ' 

52*5 

30*4 

14*9 

Bekescsaba . . . . j 

0-30 

! 2*8 

56*8 ; 

26*2 

14*2 


30-60 

! 1*9 

i : 55*7 

29*5 

12*9 


60-90 

| 1*6 

56*4 

28*3 

13*7 


90-120 1 

! 1*6 

■ 55*3 

30*5 

12*6 


120-150 

I 0*9 

j ■ 56*1 

28*9 

1 4*1 
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Morphological Characteristics. — In the profiles of tshernosems we 
ean distinguish really only two horizons — the upper, humiferous A 
horizon and the parent rock or C horizon. Some scientists call the 
transition horizon the B horizon. In my opinion this may cause 
confusion, because the B horizon usually refers to an horizon of accumu- 
lation. It will be better, therefore, to accept Stremme’s designations; 
Stremme denotes the various varieties of tshernosem profiles as 
follows:* 


A 

ACa 




C 

Atft 

ACa 

A 

A 


CCa 

CCa 

CCa 

ACCa 


CCa 

CCa 

CCa 

C 


In these types of profiles A represents the humiferous horizon, G the 
parent rock, while the Ca added to the C and the A respectively means 
that in the horizon in question we find CaC0 3 . 

In its natural state the A horizon is crumbly in structure. This 
property the soil owes alike to the absorbing complex being saturated 
with calcium and to the peculiar fauna and flora of tshernosems. 
The flora is very rich in roots and penetrates deep, interweaving with 
the layers of soil. The fauna — in particular earthworms — grub up 
the upper horizon, swallowing both the dead organic and the mineral 
matter, which they later excrete in the form of small clods. This 
process of cracking and trituration is furthered also by periodical 
intense drying, when the soil cracks along deep-lying roots. All 
these natural factors cause the structure of the tshernosem to become 
crumbly in the upper horizons (where it is composed of tiny clods), 
and there is an increase in the size of the clods at depths where no 
earthworms penetrate and where roots are fewer. Here, too, however, 
the tshernosem finds its cultivators in the rodents. These burrow the 
soil through and through to make their underground dwellings ac- 
cessible, though their work is seen principally in certain multicoloured 
patches. In the upper humiferous horizons we find light patches ; while 
in the light lower horizons black patches mark the original nests 
and passages or runs since filled in by the subsoil or by soil from the 
upper layers. We very often find skeletons of small animals preserved 
in the buried tunnels, and very characteristic white veins resembling 
fungus my celia on the surfaces of the small soil clods; these veins, 
called pseudo-my celia, are calcareous precipitations (CaC0 3 and CaS0 4 ). 
As the water solution passes along the surfaces of the cracked clods, 
it becomes concentrated, the calcium salts dissolved from the upper 
horizon precipitating on the surface. In the bigger cracks or where 
a thick root lies, larger calcareous concretions, which the Eussians 
call bieloglazka or white eye-spots, are formed. 

Another characteristic feature of the tshernosem profile is that it 

* See Stremme, H. : “Bdden der feuehttrockenen gemassigten Regionen ” 
(Rlanck’s “ Handbuch,” Voi. III., 1930, p. 259). 
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is usually perpendicularly cracked — like loess-— and does not show 
any horizontally layered structure. Generally the upper humiferous 
horizon only gradually merges into the subsoil, the only exceptions 
being where the subsoil is hard rock (mountain tshernosems). 

As regards the distribution of calcium carbonate, the upper horizon 
is usually leached, so that it either does not effervesce at all or much, 
less than the lower horizons. Where the parent rock itself is lime- 
free, it may happen that beyond a certain depth there is no effer- 
vescence at all. In the latter ease we find a definite lime-concretion 
horizon, though where the parent rock is rich in lime the lime-accumu- 
lation horizon is not always found. 

Below the CaC0 3 horizon we often find a gypseous horizon too, 
showing that gypsum, being more easily soluble in water, precipitates 
after calcium carbonate during the leaching process. 

It is this leaching down of the CaC0 3 that causes the soil profile to 
become more and more alkaline with the increase of depth. 

The parent material of steppe soils becomes loose during the forma- 
tion of a tshernosem. This is probably the result of intensive action 
on the part of the soil-forming factors. Very frequently, however, 
the parent material itself is loose — e.g, } loess. In such cases we cannot 
see any marked difference between the original parent material 
and the 0 horizon lying just below the humiferous horizon. The 
profile of a black steppe soil of this kind is illustrated in Plate IV, 
Profile 7. 

Not infrequently we find a darker— so-called 44 humus ” — horizon 
in the subsoil of tshernosems* This is usually a buried or fossil soil, 
probably the residue of a tshernosem originating in one of the more 
humid periods of loess formation which, when the climate became 
drier, was once more covered with loess, its scanty vegetation dying 
and decaying. 

A fact worth mentioning is that along the roots the humiferous 
horizon in places projects tongue-like into the light subsoil, producing 
a very irregular, as well as gradual, transition from one horizon to the 
other. 

As the tshernosems are humiferous' soils formed in dry climates, 
the water table is usually so low (about 9-10 metres below the 
surface) that we cannot find it" in normal profiles. Consequently 
the water regime depends upon the precipitation and evaporation 
conditions, the ground water playing a very insignificant role. 

In the upper horizons of cultivated tshernosems the original crumbly 
structure naturally disappears, both because the fauna perishes and 
the soil loosened by cultivation is more or less puddled and compacted 
by rain. This process is naturally not so intensive as in the ease of 
soil types with unstable colloids. Tshernosems are, however, easily 
cultivated and very friable. 

Biological Characteristics . — Tshernosems in the natural state possess 
a flora and fauna of a peculiar character which have already been 
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described, and winch are naturally closely connected with the soil 
microflora. As is generally known, grass vegetation needs not only 
abundant mineral plant food, but also a considerable quantity of 
nitrate nitrogen. The porous structure of tshernosems, their neutral 
or slightly alkaline reaction, their calcium-soil character and their 
temperate humidity and temperature conditions, all favour the activity 
of the bacteria which decompose humus and which induce nitrifica- 
tion. An increase in the humus content under natural conditions 
merely shows that the humus formation is more active than its 
decomposition. 

The fact that there is no raw-humus cover on the surface of tsher- 
nosems — as forest soils — itself proves that the original dead organic 
matter decomposes rapidly. The decomposition is not complete, 
however, and there remains — besides gaseous substances- — a black 
or dark-brown structureless material. 

Soils under cultivation lose the original permanent soil-enriching 
grass vegetation. Under such circumstances the fauna living in the 
soil also perish or migrate. Although the mechanical work of the 
fauna can be more or less replaced by the aid of soil-cultivating imple- 
ments, the harvesting of the crops causes a decided loss of plant food, 
while the periodical bareness of the soil may also lead to further 
losses. 

Practical experience proves that these soils are most suitable for 
grain cultivation. We do not thereby suggest that they are unsuit- 
able for the cultivation of more pretentious plants, such as sugar 
beet, which, however, needs a more humid climate and is of poor 
quality when grown on a tshernosem. All the disadvantages can, 
however, be eliminated by adequate irrigation, which also produces 
excellent results in the case of permanent meadow vegetation and 
fodder plants. In other words, tshernosems are suitable for all types 
of cultivation if we employ irrigation or suitable methods of cultivation 
(e.g., (i dry farming") to ensure the activity of the only uncertain 
factor of agrarian production and to make good the deficiency in 
moisture. Tshernosems are excellent wheat soils , even without irriga- 
tion, and are typical lucerne soils. Usually the chief requirement 
is for phosphoric acid, less frequently for nitrogen and most rarely 
for potash,. 

Stage V. : Sub-Types of Tshernosems. 

We can distinguish three degrees of leaching in soils derived from 
both calcareous and non-ealcareous parent rocks. In the case of 
non-ealcareous parent rocks the characteristics of the three degrees 
are as follows : 

(I) With excessive leaching, the whole profile is carbonate-free, 
and there is no accumulation of sodium salts in the lower horizons. 
The humus content is not high; in Russia it varies from 4-10 per 
cent, (northern zone), and may be less. The humus horizon (A) is 
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not very deep— about 40-60 cm. thick, or even less. The profile 
symbol is: 

A 

C' 


(2) With medium leaching, the lower part (A„) of the A horizon 
is enriched with CaC0 3 formed during the process of weathering. 
There are no sodium salts even in the lower horizons. This is the 
common tshernosem in Russia. Its humus content varies from fi-lo 
per cent., the depth of the humus horizon being 60-80 cm. The 
profile symbol is: 

AXYt 

""c"' 


(3) Tlie degree of slight leaching differs from t he foregoing ones in 
that in the 0 horizon sodium salts occur either in the lower part (C 2 ) 
only or in both upper part {(\) and lower parts. Thus this degree 
includes theoretically two sub-types with the following symbols: 


( 1 ) 


A i 

A 2 Ca 

or 

C 8 Na 


(2) or 

CjNa CXa 

C 2 Na 


We have no definite data at present about the typical humus con- 
tent or depth of humus horizon characteristic of the different types. 

In the case of calcareous parent material, the three degrees are as 
follows : 

(1) With high leaching, the upper horizon (A) may be either com- 
pletely or ■ partly carbonate-free (the presence of 01-0*2 per cent, 
CaC0 ;} is neglible). The essential point is that the amount of CaC<) 3 
increases constantly with the depth, while the lowest horizon remains 
free of sodium salts. The profile symbols are : 

Ax A, 

A j*( 'a A a . or A 

CCa CCa ■ CCa 

(2) With medium leaching, the A horizons ail contain carbonates, 
and the carbonate content increases perceptibly with the depth. 
In the C 2 horizon there are some sodium salts. Probably many of 
the southern tshernosems belong to this sub-type; they contain a 
moderate humus content (4-6 per cent.) and are of moderate depth 
(40-60 cm.). The profile symbol is: 

AC* 

C,€a : 

C 2 €aNa 
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(3) With slight leaching, the sodium salts rise up to the beginning of 
the A horizon. The soils belonging to this degree form a transition 
to the dry steppe soils* Their symbol is: 

' ACa 
CCaNa 

In time it may become necessary to distinguish even more sub-types, 
and we shall be able to make the zonal Russian types fit in with these 
dynamic subdivisions. For the moment, however, we have to content 
ourselves with the sub-types already dealt -with, which usually occur 
zonally or regionally as a consequence of the determining influence 
exercised upon the degree of leaching by the climatic factors. The 
sub-types known to us may be formulated as follows: 


(I) 


(« 


A 

G 

A i 

A jCft 
CCa 


( 2 ) 


A, 

A, 


Ax 

A 2 Ca 

/m A 2 Ca 

(4) 

A,Ca 

0 

C 2 Na 

CNa 

A 

1 ACa 

(8) 

ACa 

CCa 

1 ' C x Ca 
CoCaNa 

CCaNa 


(9) Tshernosems on sandy parent material. 
(10) Tshernosems on compact rocks. 


There may be degrees of leaching in the case of the two latter 
sub-types too, but they are not yet known. 


Stage VI. : Local Varieties . 


Local varieties of the tshernosem sub-types are the results of en- 
vironmental conditions. 

(1) Local orographical conditions. Though tshernosems are usually 
found in flat territory, they may nevertheless occur in hilly regions 
too — being found alike on plateaus, on gentle slopes, in wet valleys 
or in the depressions of drier steppes. 

(2) Local hydrographical conditions. A sine qua non of the forma- 
tion of tshernosems is that the ground water shall not stagnate in the 
subsoil, but shall be drained off. In other words, the water table 
must lie at a great depth. Naturally, in the case of a drier climate 
a rise in the water-level may moisten the soil and make it suitable for 
tshernosem development, which otherwise would have been prevented 
by the drought. In more humid regions, on the contrary, what causes 
the development of a tshernosem is the sinking of the water-level. 
These soil humidity conditions may occur naturally or may be brought 
about by artificial means (e.g., drainings or irrigation). 

(3) Local climatic conditions. Naturally in any climatic region 
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local variations must determine the measure and direction,, of the 
development of the dynamics of any given profile or soil Special 
importance attaches to local climatic variations in regions in which— 
like the Hungarian lowlands — arid and humid climates meet, and 
where extreme climatic changes are therefore the rule rather than the 
exception. 

(4) The quality of the parent material When discussing the sub- 
divisions of the sub-types, we saw that certain properties of the parent 
material exercise a decisive effect upon the development of the sub- 
types. In order fully to understand the dynamics of a local sub-type, 
we must first consider closely the character of the parent material— 
e.f/., its mineral composition, degree of both chemical and physical 
weathering, geological origin, etc. 

(5) Apart from the local factors mentioned above the age of 
development of the soil influences its formation. It should be noted 
that in general the development of tshemosems requires a relatively 
long period. 

Main Type 2 : “ Prairie ” Soils. 

The “ prairie 55 soils of North America were long considered as 
identical with the Russian tshemosems. * During the excursion 
following the First International Soil Science Congress held at Washing- 
ton in 1927, however, it was almost unanimously agreed that these 
soils, although originally steppe soils, only to a very slight extent 
presented the same characteristics as true tshemosems. Most of 
them must have come into existence under conditions somewhat 
more humid than the tshemosems, though they cannot have been 
quite so humid as those governing the formation of degraded, tsher- 
noseras or slightly podsolic grey and brown forest soils, belonging to 
Bub-types 5 and 6 of my soil, system. This hypothesis is supported 
also by the geographical distribution of the prairie soils given, in 
Marrut’s map.f Marbxtt treats the prairie soils as a separate group, 
on the following grounds; “The soils are so entirely different from 
those of any other great groups that, for the present, it seems very 
unwise to attempt to include them in any of the established, 
groups. . . . The prairie soils are grassland soils, but were developed 
under a high rainfall. In this respect they seem to be unique, not 
occurring elsewhere in the world except possibly in small areas, and 
where they do occur have heretofore been designated as chernozems/* J 

Genetic Characteristics. — According to Jenny the following figures 
show the fluctuations in Meyer’s ■ N-S-Q values of the humidity 
factors : 

* See Kossovich, P.: “ Die Schwarzerde/’ pp. 140-2, 

t “Atlas of American Agriculture,” Part III. , “Soils of the United States/’ 
by C. F. Marbut: Plate II. 

% Ibid., p. 62. 
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Mean Annual 
N -S- Q . Temperatu re, 

(° C). 

American tshernosems . . . . 140-250 3-12° 

American prairie soils . . . . 260-350 • — 

American brown forest soils .. .. 280-400 6-16° 

Here too the natural vegetation is Graminese, though according to 
Stremme the plant association of the Russian tshernosems represents 
the drier group of Graniinese and that of prairie soils the more humid 
group. Schantz divides the vegetation of prairie soils into several 
groups determined by climate.* In any case it is a moot point whether 
these extensive prairies have always been prairies, as the climatic 
conditions are quite suitable for forest vegetation, f It has long teen 
a mystery why, while forests in Russia, for instance, have already 
annexed huge territorities from the original steppes, there has not 
been a similar expansion of forest land in America. Some scholars 
attribute the inability of the forests to expand to destruction by 
fires, and others to the depredations of the original prairie fauna. 
According to Stremme the difference between prairie soils and genuine 
tshernosems is that the high water table of the former encourages 
the development of wet-meadow vegetation. Florov’s investigations 
show that in the subsoil of the northern prairie soils we find rusty 
veins indicating an over-abundance of moisture. f Florov§ therefore 
groups these northern prairie soils with the wet-meadow soils, and 
the southern prairie soils with the degraded tshernosems. Should 
Florov’s deductions prove correct — he admits that he had not 
sufficient time to make a thorough investigation of all the phenomena — 
the present main type will be superfluous, for the northern prairie soils 
would then belong to the degraded calcium soils. Marbut, however, 
points out that there is a difference between prairie soils and degraded 
tshernosems. The latter contain in their deeper layers a CaC0 3; 
horizon, whereas the prairie soils — despite the less intense surface 
eluviation — do not show any CaC0 3 - horizon in the subsoil. || 

Dynamic Characteristics. — The data are inadequate, and all we can 
say is that owing to the higher soil humidity eluviation is more intensive 
than in the tshernosems, so that the H ions begin partly to usurp the 
role of the Ca ions. 

Chemical Characteristics — In illustration of the chemical character- 
istics of prairie soils Jenny gives Rost’s analyses, If which show the 

* “ Alias of American Agriculture,” Part L, “ Natural Vegetation.” Cf. 
Schantz, H. L.: “ Grassland and Desert Shrub ” (Washington, 1924), pp. 15-19; 
Stremme, H.: “ Die Prairieboden ” {Blanch’s “ Handbuch” Vol. III., p. 281 ). 

t & ee Gleason, II. A.: Annals of the Ass. Airier. Geogr., Vol. XII. (1922), 
pj>. 39-85. 

t Flobov, N-: Soil Research, Vol. 1. (1929), p. 208. 

§ Ibid p. 201. 

II. See Marbut, C. F.; Soil Science, Vol. XXV. (1928), pp. 61-70. 

See Rost, C. O, : “Parallelism of the Soils developed on the Grav Drifts 
of Minnesota ” (1918). 
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composition of the profile of a prairie soil, from the village Rice in 
Minnesota. Stremme uses the same data for the eliaraetemation of 
prairie soils, calculating the figures to a carbonate-free soil less the 
loss on ignition.* These figures are given in Table LX VI. : 

TABLE LX VI 

| Percentage of the Constituents Percentage calculated to Carbon- 




in Deg Soil . 


ate- 

and Humus -Free 

Soil. 

Depth of 









H orizon 
in Cm. 

2-5-15 ’ 

18-30 

33-61 

63-01 

2*5-15 

18-30 

33-0 ! 

63-91 

SjO, 

72-89 

73*62 

75*24 i 

73*65 ! 

80*42 

79*86 

79*68 

77*80 

Al.o, .. 

10-46 

10*87 

1 I *35 

12*13 

.1 1*52 

11*79 

12 OI 

12*81. 

Fe 8 0, . . 

2*99 

3*2.1 

3*42 

3*81 

■ 3*30 

3*48 

3 62 

4 *02 

MgO 

0-72 

0*74 

0*88 

1*21 

0*80 

0*80 

0*93 

1 -28 

CaO 

1*24 

1*3,8 

1*24 

2*08 ' 

1*25 

1*21 

M3 

0*77 

N» 2 0 . . 

; i *39 

1*35 

1*33 

1*31 

1*53 

1*46 

1*41 

1*38 

K*0 

| 1*66 

1*74 

1*86 ' 

1*87 

1*83 

1*89 

1*97 

1*97 

TiOg . . 

0-50 

0*52 

0*54 

0*53 ! 

0*55 

0*57 

0*57 

0*56 

RgOg . * • 

0*18 

0*17 

0*14 

0*11 

0*20 

0-18 

0*15 

0*12 

co 2 

0*07 

0*05 

0*13 

1*06 

| ■ ' ' 

: — 

— 


Loss on ig- 
nition 

9*38 

7*80 

5*34 

2 99 

■ 


- . 


Total . . 

j 101*48 

101*25 : 

101*47 

100*75 

101-40 

101*24 

.10.1-47 

100-71 


It will be seen from the above figures that as we proceed downwards 
there is a gradual decrease in the amounts of Si0 2 » • CaO, Na 2 0 and 
P 2 0 5 , accompanied by a corresponding increase in the amounts of 
A1 2 0, Fe 2 0 :{ , MgO, KA) and (XV. According to the data given by 
Teitog, the soil is slightly or moderately acid.. 

For another prairie soil (Marshall silty loam) Ihu ommnf has 
ol.itai.ned the following values in addition to the pH: 


Depth of horizon . . 
Total exchangeable 

0-45 cm. 

45-75 cm. 

•75420 cm. 

120-150 

1 6*6 

16-0 

17*5 

26-0 

bases 

Exchangeable hydro- 

6*54 

7*81 . 

8*29 

6*4.8 

gen 

Absorption capacity 

231 

24*7 

25*8 

32*5 

pH value 

6-31 

5*67 

■ 5*55 

6*33 

N 

0 176 % 

. 0*135% 

0*078 % 

0*044 

Sand 

0-3 

0 -2% 

CHS °o 

0*5 ° ( 

Silt 

74 % 

70 % 

67 % 

69 °o 

Clay 

24 % 

30% 

32 % 

30 % 

* See Blanck’s “ 

Hamibuch tier 

Bodonlelij'c,” 

Yd MIL, p. 

293. 


•j* See Bbadfiklo, R Variations in Chemical and Mechanical Composition. in 
Some Typical Missouri Profiles” (Am. Soil Survey Ass. .Bull, VL, 1925, pp. 12745). 
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These soils are therefore slightly unsaturated. The clay content 
increases with the depth. 

The data given by Byers and Anderson show that the prairie 
soils in some respects resemble the true American tshernosems. 
Ratios compiled from the data of the total analysis of the soil colloids 
are given in Table LX VII., which has been drafted on the basis of 
the original figures.* 

These data are interesting and characteristic, because they are 
based upon the total chemical analysis of the colloidal fraction 
(diameter 0*3 j,i or less) of the soils: f If we compare the data relating 
to the two prairie soils with those relating to the two calcium soils, 
we find on the whole that practically all the figures belong to one 
and the same order of values, showing that the differences are of a 
very minor character. This seems to show that the chemical com- 
position of prairie soils is almost the same as that of true calcium 
soils, for which reason we may — for the present at least — include 
them in the calcium soil order. It is, however, equally certain that 
they form a land of transition from calcium to hydrogen soils. I 
have therefore for the present included these soils as being nearly 
related to tshernosems in the calcium soil order. 

Physical Characteristics . — Prairie soils in general belong to the 
category of clay or heavy loam soils, due partly to the humidity 
conditions favouring the chemical decomposition of minerals and 
partly to the formation of a sufficient amount of organic matter 
thoroughly mixed with the mineral part, as in the case of tshernosems. 
The difference in structure which distinguishes these soils somewhat 
from normal tshernosems is probably to be attributed to the slight 
unsaturation of the absorbing complex. 

M orphological Characteristics . — Marbut has given morphological 
descriptions of several prairie soil profiles, J occurring at various points 
in the long prairie belt and corresponding to the various plant associa- 
tions described by Schantz. 

Biological Characteristics. — Biologically, we may divide the prairie 
belt running from north to south into three sub-types corresponding 
to the natural and cultivated plants. Stremme has characterised 
these three sub-types as follows :§ 

(1) The A ndropogon fur cat us plant association, which includes both 
Andropogon sc o par ins and Sorghastrum nutans and other flowering 
plants. The central part of this area is the “ com belt. 55 

(2) The Andropogon scoparius plant association, in which the 

■ * Bee Byers, H. G., and Anderson, M. S. : Journ. Physical Chemistry, 
VoL XXXVI. (1932), pp. 348-66). 

t See Robinson, W. O., and Holmes, R. S. : “The Chemical Composition 
of Soil Colloids ” (U.S. Dept. Agrie. Bull., 1311, 1924). 

t See Marbut, C. F. : “ Soil Classification ” (Amer. Soil Survey Ass. Bull., 
3, pp. 24-32). 

| See BlancsCs u Handbuch,” VoL III., pp. 288-9. 
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*iS. 

comprises the spring-wheat belt. It i s slightly drier tlmn^i T* 
also much colder. ,v aner 71an aiea 1 ■ but 

Mam Type 3 : Rendzlnas.* 

Jhe origin ot these calcium soils is due mimarilv t/v u 
calcium of the parent rock t'nm-A ' 1 manly to the active 

dynamomorphie,” a term rnemino- that vt * ! ie rendzinas “ endo- 

principally by internal forces ;-e.g* bvthepar^wht fa J etomtood 
that m cases where the action nf 8 P arent rock. f He suggests 

'*■. climate — should pSdS llS'Zf S**™*!* 

rock obstructs the process and ' nmJhf* ’ Ilmestone I )areilt 

similar t° that it, eJencetaihemLms * " S 

ars ^ « 

exercised by the calcaJeous UrSf , , lld cIl 1 mates; for the effect 
CaCO, content but ako In the fi° ****?«» not on ^ «P°* its 
solubility. According to MiKLASHEWSKifthf ^ Stm ? tl } re md its 
tandamae varying according to the character cithe * 

tranS^t *■££?£££?. »■«** £T£*L. at 

process e™ni„g whie the Cam , t l>»««ation-the latter 

m the case of true rendzinas.fi h * p P em f 

rendzmas as due to the noti™ • . , ex P ldms the formation of 

destructive factors and 'cause ih !°f 8 °PP ose the predominant 

hnnniK f„ r T^onZ 1 th “ ‘° n of , sti * bte **™W~ ami 
SOU Jle calIs them mtrazonal tshernosem forma- 

Ihe or < S^^ u ? e0p,0 °/ PoI f ld “ rendzinas ” 

he word is doubtful, though it certamiy has^noTtn * r ° cks .' The meanil ’g of 
by Glikka. The term “rend™* * 2 0t meaning attributed to it 
derived from the Polish verb " Jzedzic ’’ Podt" 8 , Miklas ™ KI , may be 
when it is being cultivated Wh«C r* ? e) ’ ° Wlng to the sound bear. I 
eye, the Poles eeJI the soil UptUS ^ ™ th the naked 

it. is being cultivated. The soils the tLT- ? at * a T snoring ” sound when 

are t 2 d G ui^ 5 k • s -‘^ oug ^ t, s se I to0 ~i Lublin formed 011 cha,k 

t See MrKLASHEwsKT 1 S?nir d .’ ® oden y ild ung” p. 213. 
pedologique a Prague, lW *31 2 * 7 ^ Re ” d ' * la IL Ctmf - Intern. Agro- 

I S PP- 33 and 217. 
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tions.* There are certainly cases in which rendzinas may be nodaol- 
ised or degraded, but that is true of tshernosems too; yet the latter 
l ,ave “ ever i‘ ea described as transitional formations. Genetically, 
tlie difference between the two main types is that whereas in tin* case 
"1 tshernosems all the external factors favour the development of 
black steppe soils, in the case, of rendzinas the external factors un- 
practically all antagonistic to the internal (the parent rock), the 
character of the soil eventually formed depending upon the ultimate 
balance between the two opposing 
actions. 

.Rendzinas are formed by the 
action of a humid climate under 
the influence of forest vegetation ; 
but the result is never a typical 
forest soil. The peculiarity of the 
type lies in the fact that, although 
in their natural state they are 
covered wit h forest vegetation , 
they are not true hydrogen soils, 
but belong to the order of calcium 
soils, resembling in their external 
appearance tshernosems more 
than forest soils. Rendzinas are 
of very frequent occurrence, and 
are not confined to the northern 
humid and cold climate. Recently 
del Villas discovered in the drier mmfz i 
districts of Spain soils resembling 
rendzinas, the chemical composi- 
tion of which shows that they are 
calcium soils. f 

Dyua mi c Characteristics. — The 

absorbing complex is almost Fio. 10. Profile of a Typical 

entirely saturated, the Ca cations Bendzl na Horn at BudaOrs 

predominating also in the soil ' (Hun«abv )■ 

sol.uti.ons. While on the one hand 

the aliundance of moisture furthers the decomposition of the humus 
and the minerals, on the other hand, owing to the fact that the Ca 
ions derived from the CaC0 3 bind the humic acids and impede their 
continued decomposition, there is an accumulation of neutral humus. 
The 810 2 and the AL>0 3 released by the decomposition of the silicates 
are also precipitated by the Ca cations, which retain them in the 
upper horizon in the form of stable zeolite-like complexes. In this 
respect, therefore, the dynamics of rendzinas resemble (hose of 

* See Stebutt, A.: “ Lehrb. d. allg. Bodenkimde,” pp. 387-9. 

t 8ce del Yillar, E. H. : “ Les sols m<kliterr. studies en Espaghe ” (1930, 
Madrid), pp. 208-12. 





a Typical 
Bubaors 


Percentage of Constituents, calculated to Soils dried at 105‘ 
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ishernosems . Consequently over the limestone there accumulates a 
mild -humus soil, the colour of which varies from black to grey accord- 
ing to the circumstances of formation. The humiferous layer is usually 
very distinctly marked off* from the white subsoil. There are eases 
however, in which we find a yellowish or reddish transition horizon 
(e.g., in Spain). Del Villa r, for instance, asserts that the red earths 
of the Mediterranean have been formed from eroded rendzinas.* 
Chemical Characteristics , — Though rendzinas are common in Poland 

and —according to Glinka— in North Russia, there are very lew and 

inadequate chemical analyses relating to these soils, and it -would he 
a difficult matter to describe their chemical characteristics. Glinka 
lias given ns the analyses of the hydrochloric extracts of three Gorman 
rendzinas, but the results do not give a picture of the whole profile. 
The profile examined by Councler is that of a degraded remMna.f 
Recently, with the help of my assistant Dr. Kotzmank, I analysed 
a few Hungarian rendzinas, the composition of the hydrochloric 
extracts of which is given in Table LX VIII. 

It will be seen that the original parent rock (C, (\ and C 2 ) is mostly 
composed of carbonates, but owing to leaching very' little of the latter 
has remained in the surface soil. 

The figures given in Table LXIX. show the saturation conditions 
of the Hungarian rendzinas. 


TABLE LXIX 


Bendzina 
from — 

S 

Value, 

Up 

Value. 

Tp 

Value . 

Percentage of Exchangeable 
Cations , calculated to Tp = 100. 

V,- 

p 100. 

1 p 

Ca 

Mg 

K 

Na 

H 

Budaors , , ; 

| 50 06 | 

4 *80 

54*86 

69-27 

16*37 

I >93 

3-68 

8-7 5 

91-25 

Ordiigorom 

| 38-72 1 

312 

41 *84 

08 -7 il 

19*02 

2-98 

1 *56 

7*65 

92-35 

Sopron 

i 32-98 ; 

l 1*84 

34*82 

92-21 

2*38 ■ 

115 

2-10 

2*16 

97*84 

Belapatfalva . . 

! 36-29 : 

1 

! 1*71 

38-00 

; 89-70 ; 

I : 

3*44 

236 

0-90 

3-60 i 

96*40 


Although these data show that the saturation of the absorbing 
complex of rendzinas — especially of those formed on dolomites — is 
not so complete as in the case of tshernosems, rendzinas may never- 
theless be regarded as fairly saturated Ca soils. The exchangeable 
Ca in the case of rendzinas formed on CaC0 3 is 89-92 per cent., while 
in the dolomitic rendzinas it is only 88-69 per cent, 

* See del Villar, E. H. : op. cit., p. 210. 

f See Glinka, K. : op. cit , pp. 216-7. 

j See Sigmond, A. A. J. von,: and Kotzmaxn, L. : “ Die dynamisehe (Tmrae- 
torisierung der ungarischen Kendzinaboden (Math, u. . Nafcurwiss. Anzeigor ti 
Ung. Akademie d. Wissensch., Vol. L1IL, 1935), p. 111. 
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There is, however, a material difference between the negative nucleus 
of the absorbing complex of the above rendzinas and of tshernosems 
respectively. For, if we regard the matiere noire of Grande ait as 
active humus and accept its valency as shown by Kotzmann’s* 
recent investigations to be 308-7 (i.e., 324-2 mg. equivalent bases for 
every 100 gramme active humus), allotting the remaining valencies 
of bases to the silicate complex, we find a significant difference bet ween 
the two calcium soils. The relevant figures are given in Table LXX. 


TABLE LXX 


Soil. 

Depth of 
Horizon 
in Cm. 

Active 

Humus 

(%)• 

mg. Equiv. 
of Active 
Humus. 

Tp 

Mg. Equiv. 

Percentage of 
Humus Equiv. 
calculated 
to Tp = 100. 

Rendzinas : 
Budaors 


31*42 

37*69 

54*86 

68-5 

Ordogorom 


8*96 

29*63 

41*84 

70*8 

Belapatfalva . . 


7*02 

23*17 

38-00 

60*9 

Sopron . . 

. . 

6*18 

20*39 

34*82 

58*5 

Tshernosems : 
Mezdhegyes 

0-30 

213 

7*03 

21*95 

32*0 


30-60 

1*38 

4*55 

16-20 

34*3 


60-90 

0-8S 

2*90 

15*68 

18*5 


90-120 

0-67 

2*21 

16*67 ! 

13*2 


120-150 

0-52 

1*72 

9*01 

19*0 

G vula 

! 0-30 

1-86 

6*14 

; 18*00 

34*1 

; 30,60 

M3 

3*72 

16*76 

22*2 


60-90 

0*77 

2*54 

14*44 

3 7*6 


! 90-120 

0*55 

1*81 

3.3*46 

3 3*4 


120-150 

0*41 

1*35 

9*50 

14*2 

Bekesesaba . . 

0*30 

1*41 

! 4*65 

34*34 

32*4 


30-60 

! M0 

3*63 

12*64 

28*7 


60-90 

j 0*76 . ' 

2*51 

11*30 

22*2 


90-120 

| ■ 0:48 

1*58 

9-76 

16*2 


120-150 

i 0*38 

r ■ ■ 

1*25 

8*21 

15*2 


From the above figures we see that 58-70 per cent, of the absorbing 
complex of rendzinas consists of active humus , whereas in the case of 
tshernosems less than 35 per cent, of the absorbing complex consists of 
humus , the bulk being composed of silicates. There will be no difficulty 
in understanding this when we consider that the black upper horizon 
of rendzinas is formed owing to organic matter being neutralised by 
lime and magnesia, which impede the eluviation or decomposition of 

* Sea Kotzmann, L. : “A humusz szerepe az absorbeios komplexumban ” 
(Mezogazd. Kut., Voh II., 1929), p. 537. 
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1 lie lunnie acids produced. In rendzinas there is no accumulation of 
humus except in the surface layer, whereas In tshernosems the humus 
is distributed evenly to a considerable depth in the parent rock. 

The proportions (per cent.) of the water-soluble cations are summar- 
ised in Table LX X L 

TABLE LX XI 


Percentage of Water* 

! Water Soluble Cations . rp oia i m , ft I Soluble Cation s calm* 
Jiemlzina in *”0- Equiv. of ,atetl >" Total »»./• 

from (-al ions Equip. --TOO. 

. dissolved. 



Ca 

Mg 

; k 

Na 


Ca 

I 

Mg ■ 

K 

Na 

Rudaors 

0-54 

I 4>S 

0 18 

0-46 

2*80 

■: 18-89 

58-74 

6*29 1 

1.6-08 

Ordogorom 

0*67 

1*26 

0-22 

0412 

2-47 

‘ 27*1.3 

^ 5 1*0 I 

■ 8 91 

1 2 “96 

Sopron 

0 74 

0-27 

0*12 

0*26 

.1 419 

53-24 

19-42 

■ 8414 

18*70 

Belapatfalva 

0-09 

0*36 

0-09 

0419 

1-8*1 

i 5 M0 

19457 

4*92 

■ 21*31 

Here again we 

see 

that 

in the 

water e: 

x tract 

the do 

lomitic 

rend 


zinas are sharply distinguished from the calcareous ones. In the 
former case the dominant constituent, is Mg. and in the latter Ca. 

Physical Characteristics . — The characteristic feature of the me* 
eh arnica! composition of rendzinas is that the upper huniiferous horizon 
still contains much coarse debris, gravel and sand, the silty and clayey- 
parts being small, thus again showing considerable difference from 
the mechanical composition, of the tshernosems usually formed from 
loess. The relevant data are given in Table LXXII. 


TABLE LXXII 


Rendzina . 
from — 

Boulders ; 

" > 20 
Mm. 

. Graml 
20 - 2*0 
Mm, 

; ; i 

. Coarse 
Sand 

2 * 0 - 0*2 ! 
Mm. 

i 

/Fine : 

■ Sand 
0 * 24)02 
Mm. 

Silt | 
0 * 02 - 0*002 
Mm. 

Cbnj 

0*002 

Mm. 

\ 

Budaors 

I 

5-7 ! 

25-9 

22*5 

21*6 

18*o 

15-8 

Ordogorom . . 

14-3 : 

20*1 

28-7 

18*4 

9*3 

9*2 

Sopron 

— ! 

— ' 

61 *4 

18-4 

13*3 

6-9 

Belapatfalva 

9-7 

I 1 

11.-2 

40-3 

. 25-6 

8*9 

4-3 


Morphologically, rendzinas are- characterised by the huniiferous 
surface horizon being usually sharply distinguished from the parent 
rock. It would appear, however, that in a sub-tropical climate— 
ej in Spain— transitional iron horizons are also found, and develop, 

16 
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according to del Villas, into the terra roam of the Mediterranean 
^ht?d earths 0n ° n thiS P ° hlt WU1 be fou,ld “ tlle seelion dealing 

Biological Charactmslica.-Aa forest soils, rendzinas are suitable 
ior ealeicole species of trees. As arable land, they are usually noor in 
plant food and often suffer from drought, as the ‘subsoil very rapid Iv 
drains off the water and the surface soil cannot replace the water 
winch evaporates. In places formerly covered with forests this 

pKmltn 0mati0n ° f “ kai ' St and dang ent 

Stage I . : Sub-Types of Rendzinas. 

Miklashewski has grouped the rendzinas of Poland according to 
the parent rock.* Seeing that the whole dynamics of the soil forma - 
t on are determined by the original parent rock, and as we have no 

« Zr uiXgJjS “ th6 m0mmt 

Miklashewski first, divides rendzinas into two grouns • ( A ) o-irhrm«to 
«,d (B> sulphate group. J„ the carbonate grou? l,?dis i, gu £ 
following sub-groups: ° LIlt 

r t..-,, , r , r. , . A. Carbonate Rendzinas. 

/. Marly Subsoil. 

(a) Rendzinas formed from native marl, according to geological ages- 

k sassJsr- w bi “ t ’ m m *** ■ ■ • 

3. Jurassic rendzina ;; * * ** ** \ eHi ^ 

{h) Rendzinas formed not of native marl: * ' Ultlss ^ c - 

3. Podsolie rendzina or borovina (black, white or yellow re- > 

' I Dili, vial- 

Cretaceous. 


2. Slightly podsolie rendzina, etc. 

2. Loess-like mixed rendzina, etc. 

4. Podsolie Jurassic rendzina 

Slightly podsolie Jurassic rendzina 
d. Loess-like Jurassic rendzina 
1L On Ckdeareom Parent Rock. 

L Chalk rendzina, 

2. Let critic rendzina 
HI . On Dolomltic Parent Pock. 

1 . Dolornitic rendzina 




L Gypseous rendzina 


B. Sulphate Rendzinas. 


Diluvial. 
4 urassic. 


Cretaceous. 

Jurassic. 

Triass ic. 


Tertiary. 


oft f se f ntlfic data available are insufficient to allow 

groZ S? T m ha L a i erise in more detail the main and sub- 
groups. »The data published are rather agricultural in character.f 

2nd Ed. ?i9jJt S p E 52 Kr ’ S ‘ ! “ Gleby Zi6m Polskich ” (“The Soils of Poland ”), 

Conf - d. (III. Intern., 
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Mam Type 4: Tropical and Sub-Tropical Black Earths (Black Soils). 

It is impossible to distinguish a type strictly; at most there is a 
similarity or resemblance determined by identity of climate and bv 
identity of external appearance and a similarity of t he conditions of 
cultivation. In former times these soils were simply classified as 
tshemosems, identical with the black earths of Russia, it was the 
“ regur ” soils of India that first attracted attention owing to their hav- 
ing been used for agricultural production for over 2,000 years without 
manure and without becoming exhausted. These soils are still the 
principal cotton-growing areas of India. Koss.ovi.ch* describes the 
“ regur ” soils as black earths which are clayey, heavy and sticky, 
being 1-2 (in exceptional cases 5) metres in depth, and here and there 
have a brownish or greyish tinge. Below these soils there is a loess- 
like parent material which rests on gneiss or trap. But in some 
districts the “ regur ” soil has developed directly from the weathered 
basaltic trap rock. The annual precipitation is 1.200 mm,, or even 
less — a very low rainfall for a tropical climate, particularly when we 
take into account the fact that there are alternate wet and dry seasons. 
This, indeed, is the reason why leaching is confined to the 0a00 3 , which 
accumulates in the lower layers in the form of concretions known 
locally as “ kunkar ” or “ kankur ” or “kunkur.” Under natural 
conditions these soils are treeless and are covered with a grassy and 
shrubby vegetation. 

Many scholars have investigated the origin and black colour of the 
“ regur ” soils.f Despite numerous contradictions, it would appear 
that the black colour is due principally to organic matter, as in the 
case of tshemosems. Nevertheless, the high clay content of these soils 
and the frequent formation of cracks 12-15 cm. wide and 1-2 metres 
deep point to their structure being different from that of the ’Russian 
tshemosems. It may be, of course, that the cracks are the result' of 
the climate being warmer and more extreme. 

ITiloard identifies the “regur ” soil with the “black adobe ‘ 5 of Cali- 
fornia, though the latter is extremely difficult to cultivate, and has 
therefore very little in common with the black earths of* Russia, Yet, 
although we are unable for the moment to define these tropical soils 
exactly, we may plausibly assert that they are calcium soils in which 
a considerable amount of mild humus accumulates, 

Giesecke £ would include in this group the “ badoh ” of the Sudan, the 
“pampas” of Argentina, the “tins” of Morocco, and indeed all the 
black earths occurring in the sub-tropics. Although these soils may 
climatologically belong to the same category— albeit relevant figures 

* See Kossovich, P. : “Die Schwarzerde,” pp. 137-9. 

t Of. Blanck’s “ Handhneh,” V oh III., pp. *42-4. 

f See Giesecke, F. : “ Subtropischo Schwarzerden ’*■ (Beakck’s ’* Handhneh, ” 
YoL IIL, p. 341). 
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on that point are still inadequate— in respect of soil genetics and 
dynamics they are probably different soil types, which have here been 
included provisionally in a single main type. 

Main Type 5: Brown Stepp© Soils. 

Russian soil scientists distinguish several grades of brown steppe 
soils — viz., dark-brown, chestnut-brown and light-brown. It will be 
best to deal with the dark-brown steppe soils in connection with the 
black steppe soil, since in the wet state they look black, the brownish- 
black colour only appearing when they are dry. There are many 
soils of this kind among the southern Russian and the Hungarian, 
tshernosems. 

The chestnut soils are lighter in colour. Docuchaiev regarded 
them as a separate type following after tshernosems. Sibibtzev, 
however, included them in the dry steppe zone, to which the light- 
brown and grey, so-called e< semi-desert soils ” also belong. Glinka 
included them in a single group — that of soils formed with insufficient 
humidity.* * * § the sub-groups of which are the chestnut-brown, the 
light-brown and the grey steppe soils. In the light-brown sub-group, 
however, he distinguishes those which possess a dense B horizon from 
those in which this compact subsoil is lacking; f The former he assigns 
to the solonetz soils, retaining among the light-brown steppe soils of 
his classification those which differ in colour only from the chestnut 
earths. Ramann regards the chestnut-brown soils as a sub-group 
of the black steppe soils, including among the latter also the light- 
brown soils. The grey soils, on the contrary, as being pale steppe soils, 
he placed in a separate group of steppe soils, J on the ground that they 
showed the lime crusts characteristic of desert soils and formed a 
transition between steppe soils proper and the saline soils of deserts. 
I myself have adopted the attitude§ that, as it is difficult to differ- 
entiate the many transitional varieties of soil on the basis of shades 
of colour, the thing to be stressed is the steppe character, the “ chestnut- 
colour 55 or “ light-brown ” epithet being of only secondary importance. 
Consequently I have divided the soils of dry regions into three groups 
— viz,, (a) chestnut or brown steppe soils, (b) pale or grey steppe soils, 
(c) saline or alkali soils. These three soil types are, in fact, found 
alternating on dry steppes, forming a complex soil zone. 

Recently Stebutt|| has included the light-brown and grey steppe 
soils among the sodium soils. But he does not give any analytical 
data, only noting that the zeolites of the zeolite-forming alkaline soils 

* See Glinka, K. : “ Typen d. Bodenbildmig, 5 ’ p. 132. 

f See Glinka: op. cit. , p. 137 ;:. .... 

t See Ramann, E. : “ Bodenbildung u. Bodeneinteilung,” pp, 110-11. 

§ See Sigmond, A. A. J, von: u Boden trockener Gebiete ” (Blanches u Hand- 
buch ” Voi III., p. 297). 

11 See Stebutt, A.: “ Lehrb. d. alig. Bodenkunde,” pp. 369 and 376. 
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belong to the “ poly sorptive saloid ” type. Should this detenu illa- 
tion he supported by analytical data, these brown, or grey soils will 
have to be grouped in our system among the sodium soils. Glinka 
also assigned the light-brown steppe soils with a compact E horizon 
to the solonetz soils, though at the same time he added that there are 
light-brown soils which differ from the chestnut soils in colour and 
amount of humus. 

It is evident, therefore, that the latter cannot be identical with 
the soils which Stebutt calls brown steppe soils. In this chaotic 
question we shall not see straight until we have exact analytical data 
to support the apparently conflicting theses. For the present, there- 
fore, the only brown steppe soils which we can consider here are those 
which differ from the chestnut earths only in being lighter in colour 
and poorer in humus. Those light-brown soils which Glinka refers 
to, and which Stebutt has included among the alkaline zeolite- 
forming soils, will have to be grouped partly among the sodium soils 
or included in the grey steppe soils main type. What we have said 
above was necessary in order to illustrate the confusion of ideas prevail- 
ing in this field and to make it clear which type of brown steppe soils 
we are now dealing with. 

Genetic Characteristics . — As Glinka has shown, in these soils there 
is not sufficient humidity to support so luxuriant a grass vegetation 
as that found on tshemosems. The result of this is that less humus is 
formed. The scantier the vegetation, the lighter the colour of the 
A horizon. As a consequence, a characteristic feature of these, as 
contrasted with other brown soils (brown forest soil, brown earths), is 
that their brown colour is due, . not to iron hydroxide, but to organic 
matter . The soil humidity is, however, enough, to prevent the accumu- 
lation of alkali salts in the upper horizons. 

Dynamic Characteristics . — As a consequence of the origin of the 
soil type, leaching is restricted chiefly to the alkali salts, the Cal XL and 
the gypsum being less intensively leached than, in the case of fcstaer- 
nosenis. Another characteristic feature is that the gypseous horizon 
lies deeper than the CaC0 3 concretions, as the gypsum is more easily 
soluble than the CaCJ0 3 and the leaching is from top to bottom. Con- 
versely, in all soils that suffer from excess of ground water and in 
which evaporation transports the salts upwards, the gypseous horizon 
is above the carbonate horizon. The sesquioxides and the soluble 
Si0 2 are stable, as in the tshemosems and other calcium soils. 

Chemical Characteristics. — Since in my publication referred to .above* 
I had recourse to chemical data of Hungarian, dark-brown soils when 
dealing with brown steppe soils, with which they are grouped in my 
system. I shall here confine myself to a chemical characterisation of 
the definitely chestnut and light-brown steppe soils. 

Table LXXIII. contains the chemical composition of a typical 

* See Sig-mqnd, A. A. J. von:' -'“.Baden trockener Gebiete ” (Blanck’s 

Handbuch,” VoL III., p. 94). 
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chestnut soil profile from the Government of Jenniseyk (data supplied 
by Glinka).* 

r l he proportion of humus in the chestnut soils ranges between 
1 and 4-5 per cent., the humus layer generally being shallow. Another 
profile from the same place gave the following figures: 


Depth 

{Cm,). 

Humus 
( Per Cent.). 

Meehmiicallg Bo und 
Water {Per Cent.), 

Loss on Ignition 
( / Vr ( U ni. i. 

0-2 

4*02 

3*1.2 

5*51 

3 -.14 

3*24 

3*42 

4*50 • 

14-18 

2*75 

2*03 

4*33 

10-28 

2*12 

2*31 

4*08 

.35-45 

0*04 

1*71 

2*48 


The proportion of humus in Hungarian chestnut soils varies within 
practically the same limits. Those from the neighbourhood of 
Szabadka, for instance, contain 3*11 per cent, and those from the 
environs of Szeged 4*60 per cent, humus. If we contrast the above 
figures with those showing the humus content of light-brown soils, 
we shall find a striking difference. 

In the light-brown loam soils from the Semirecbje Department of 
Asiatic Russia, for instance, the following results have been obtained 
by chemical analysis:! 


Place of Origin. 

Depth {Cm.). 

Humus { % ). 

CO, (%). 

Environs of Tarbogatay, north of 

0-7 

1*878 

0-859 

Baehti 

10-26 

1-210 

2*061 


40*45 

0*84 4 

4*726 

Behind Alakul, near Kai’aagach . . 

0-8 

1 750 

0*401 

10-22 

0036 

1 *412 


45-50 

0*690 

.1 *964 


. (C) 70*80 

0-349 

1 *9411 

Environs of Taukekiilto . . . . i 

0-6 

2*04 

. 141 


. 8-24 

1*41 

! 3*60 


26-40 

0*495 

1 8*04. 


■ (C) 60*80 ■ 

0-240 

17 '31 


90-95 

0*207 

i ■ 7*42 


I 


The humus content of light-brown steppe soils is thus much 
less than that of chestnut soils, while the surface horizon is already 
carbonated. 

* See Glinka, K. ; op.ciL, pp. 1.35*0., 
f See- Glinka, K.: op. cit. , p. 140. : 
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Physical Characteristics. — From the available data relating to the 
mechanical composition we can conclude that there is neither me- 
chanical nor chemical eluviatiom in these soils. Indeed, in general the 
compactness of structure of brown steppe soils increases with decrease 
in humus content, the deviation from the crumbly structure of 
tshernosems increasing accordingly. 

Morphological Characteristics. — The humiferous horizon of chestnut 
steppe soils may he divided into two parts — a relatively loose A. 1 
horizon of a layered structure, which is not, however, granular like 
that of southern tshernosems, and a somewhat more compact A a 
horizon, which gradually merges into the parent rock. When these 
soils become dry, sometimes vertical cracks are formed in both the 
A 1 and the A 3 horizons at distances of 5-8 cm. Although the surfaces 
of these cracks are uneven, the lumps of soil in the interstices may 
be removed, and. are found to be prismatic in shape. 

Biological Characteristics . — The natural vegetation of brown steppe 
soils varies according to whether the humidity conditions resemble 
those prevailing on grassy steppes or those prevailing in dry deserts 
with scanty vegetation. In more humid regions, for instance, we 
find Fesiuca sulcata, Koeleria gracilis and K. cristata , Bromus inermis 
and various SUpacece ; while in more arid regions the predominant 
plants are Artemisia and Ceratocarpus . The former group provides 
a close grass cover, and consequently provides the soil with more 
organic matter than the scanty and sporadic vegetation of deserts. 

This accounts for the noteworthy difference in humus content between 
the chestnut and the light-brown soils. From an agricultural point 
of view these soils, though not so rich as tshernosems, are relatively 
speaking not poor in plant food. The prevailing drought usually 
reduces the yield of crops, for which reason it is usual to employ irriga- • § 
tion and abundant organic manure. These soils are rich in potash 
and lime, but often need phosphate fertilisers. 

Stage V. : Sub-Types of Brown Steppe Soils . 

At present we can distinguish only two sub-types of brown steppe 
soils : 

Sub-Type 1 ; Chestnut steppe soils. 

Sub-Type 2 ; Light-brown steppe soils . 

There is no sharp line of distinction, and in nature the transition is 
almost imperceptible. The best indication of the sub-type is supplied 
by the humus content, which in chestnut steppe soils averages 3 * 5-5 
per cent., and in light-brown steppe soils 1*8-2 per cent. 

Stage VI. : Local Varieties. 

We have no satisfactory description of these varieties. 
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Main Type 6 : Grey Steppe Soils. 

This type is defined in various ways by soil scientists, principally 
owing to the grey colour of these soils resembling both that of the 
salt-crusted soils of dry and torrid deserts and that of heavy leached- 
alkali soils. Yet there are decided differences between these soils. 

Genetic Characteristics. — The grey steppe soils are the last stage in 
the transition which leads from the tshernosems to the humus-free, 
pure mineral soils of dry deserts. 

This main type includes only the non-saline grey steppe soils . The 
degree of their eluviation and weathering — owing to the lack of 
humidity prevailing in the regions where they occur — is even km 
intensive than that of the light-brown steppe soils, while the even 
scantier vegetation results in their containing less humus which pene- 
trates to a shallower depth. Glinka points out further that in former 
times these soils were called simply wind-blown loess soils. Ex- 
haustive investigation of the soils of Turkestan has shown, however, 
that while the parent material is usually loess, the loess-formation 
was already complete when soil formation began.* The studies have 
also shown that the peculiar structure of the upper humus horizon 
of the grey steppe soils is due to the activity of earthworms, insects 
and vertebrata (lizards, snakes and turtles). 

Dynamic Characteristics. — As a consequence of the slight silicate 
weathering and humus formation there is also only a small zeolite 
complex, though the predominant cations in the latter are presumably 
calcium. This presumption is supported by the high CaC0 3 and 
gypsum content in the lower horizons, though we have no direct 
proofs. The leaching medium is slightly alkaline, but its alkali-salt 
.content is insignificant . 

Chemical Characteristics . — Chemical analyses of grey steppe soils 
show that the silicate complex remains unchanged throughout the 
whole profile — as in all calcium soils— and the sesquioxidcs are stable. 
In this respect, too, they differ from solonetz soils. Table LX XIV. 
gives the complete chemical composition of a profile of a soil from a 
place to the east of Arys.t 

Analyses of the water solutions are given in Table LX XV. 

Both the iii.signifi.cant amount of water-soluble salts and the slight 
■ degree of alkalinity expressed as NaHC0 3 prove that there cannot- be- 
any question of an accumulation of alkali salts. 

Physical Characteristics. — The few mechanical analyses at our dis- 
posal all show that whereas the dominant element in the composition 
of these soils is silt, there are no traces of mechanical washing-down/]: 

Morphological Characteristics,— The upper part of the A horizon is 
usually greyer and paler than the deeper and browner part', which 

* See Glinka, K.: op. tit., p. 141. 

f See Glinka, K. : op. tit. , p. 145. 

% See Glinka, K.: op. cit. , p. 142. 
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table lxxiv 


Depth of Horizon in Cm. 


H s O (dried at 100° C.) 
Humus ... . . ’ 

Chemically hound water 
CO, . . 

SiO, 

A 1 2 O ; j . , 

Pe,0 8 
. CaO 
MgO 

so. 

Alkalies calc, as cliff, 



137-145. 

1*47 
0*21 
1 *41 
9*34 
53*76 
10*18 
5*30 
32*31 
2*82 
0*130 
0*059 
4*68 


TABLE LXXV 


Depth 

of 

Horizon 
in Cm. 

■ 

Dry 

Residue 

{Grammes). 

1 Dry 
Residue 
after 

| Ignition 
! {Grammes). 

Loss 

on 

Ignition 

{Grammes). 

j ■ 

Solubility 1 Colour Mka lmity 

of of ' . as _ 

Humus. Solution. , HC(). t 
[Grammes), 

0-7 1 

8-15 
15-20 
90-100 
137-145 ! 

0-0566 

0-0576 

0-0445 

0-0324 

0-0365 

i 0*0354 j 

! 0*0465 i 

0*0364 | 

0*0283 i 
0-0314 | 

{ 

0-0212 j 
0-0111 
0-0081 
0-0041 
0-0051 

1/76 Yellowish i 0-0344 

1/98 : Colourless 0-0344 

» 0-0344 

. » 0-0344 

i/ 41 .. 0-0365 
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■ Soil. 

1 

Depth J ... 3 
in Cm. Mm. ;i ' J * 

j 

j . 

1-0*5. 

0*5- 

0*25. 

0*25- 

0*05. 

0*05- 

0*01. 

! <’ 0*01. 

Grey steppe soi 1 , 

0-7 | ; 



— • - 

— — ___ 



- 111 Tsimkent | 

12-26 ! - 1 

0*06 

0-04 

19-15 

33 04 

47*71 

Hep., north ! 

50-60 — L . j ___ ; 

0*01 

0-02 

19-66 

33*01 

: 47*30 

1 r o in Vrey. J 

103-110 ! i 

0*06 

0-02 

14-77 

35*47 

: 49*68 

. skoe. \ 

172-180 j : _ ! 

0*02 

0-02 

27-57 

31*89 

! 40*50 




’ 

0-01 

17-32 

40*85 

j 41*82 


general^cLscriptkm of These Gl f NKA § ives the following 

and lenti^S n |n ,^r , . l8: ™rface ^horizon slightly stratified 
f 111 .fracture; owing to dense roots of Gramme®, 

* See Glinka, K.-: op. cit. f p. 
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upper part relatively compact and tenacious, though at a depth of 
about 5-10 cm. it is already looser in structure; farther down, a, gain, 
owing to activity of the animals already mentioned, it is porous’ and 
easily dug up right down to the stone-hard carbonate horizon. 

Biological Characteristics. — Owing to the lack of exact data all we 
can say is that we have reached the extreme limit of humus-forming 
vegetation, the soils lying beyond being pure mineral soils. 

Stages V. and VI. are still unknown. 

Main Type 7 : Secondary and Tertiary Calcium Soils, 

Here again we have a case of several soil types being comprised 
in one main type on the common ground that .human intervention 
lias changed the whole dynamics of the original soil, shifting it into 
the dynamic system of calcium soils. These soils might possibly be 
called artificial soils: Treitz has indeed called artificial .steppe soils 
those soils formed in regions once covered with forests which have 
been pressed into the service of agriculture and have changed into 
typical steppe soils.* The description of these soils given by Ballex- 
EGGERf suggests their being tertiary formations; for the areas occupied 
by them must originally have been covered with steppe soils, later 
on converted by natural process into brown forest soils. The forests 
must subsequently have been exterminated and the ground ploughed. 
Since the present climate is favourable to the formation of steppe 
soils, the upper part of the forest soils was once more transformed 
into steppe soils, so that we might call them regraded steppe soils . 

The method of improvement of low-moor peat soil employed in 
Prince Esterliazy’s domain at Kapuvar, which has led to the forma- 
tion of artificial calcium soils, has resulted in the production of secondary 
calcium soils. The amelioration of alkali soils has also resulted in 
calcium, soils. We see, therefore, that very divergent soil types may 
be converted into calcium soils by artificial means. 

The first question to be answered is whether in principle it is neces- 
sary from the point of view of systematica to make a separate main 
type of soils transformed by artificial means, or whether it would 
not be better to leave them in the categories to. which they originally 
belonged. Now, should we adopt this latter principle, the soils of 
Holland, for instance, would not be soils at all; for while on the one 
hand they have been made fertile by the victory • of marks physical 
strength and brain over the sea, on the other hand the exploitation 
of the turf-beds for industrial purposes and the mingling of bog-silt 
and surface sods, combined with liming, have made it impossible to 
detect the original turf-soil character. And if we exclude from, our 

* See Treitz, P.: u 'Magyar&zo az orsz. atnezetes klimazoiialis talajterkephoz n 
(Foldt. Int., Budapest, 1924). 

f See Ballenegoer, B.: Adatok magyaxorszagi . ■ talajtipusok cheiniai 

osszetetelenek ismeretehez n (Foldt. Int., 1910 Beporfc, p. 556). 
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seqwently, the morphological characteristics typical oft he original soil 
conditions are entirely lost. 

Biological Characteristics. — These soils are real, improved agricultural 
soils which have been subjected to treatment by human science to 
make them as favourable as possible to the development of agrarian 
production, and therefore to the development of the microflora, The 
nature of agriculture leads naturally to the plant food supply of the 
soil being exhausted, so that if no provision is made for its ‘replace- 
ment the originally rich soils become poor and worn out. What has 
to he replaced is not only the plant food, but also humus. Natural 
steppe soils themselves provide, for the optimum accumulation of 
humus; but where the soil is under agricultural cultivation, and wo 
fail to provide for enrichment with humus, the humus will decrease 
until there develops an equilibrium corresponding to the residue of 
dead, roots. 

Stage V. : Sub -Types of Secondary and Tertiary Calcium Soils. 

It will be best to divide the sub-types according to their original 
dynamics. Today we have no means of surveying all relevant sub- 
types, and the following enumeration is probably inadequate. 

Sub-Type 1 ; Tertiary or regraded steppe soils , the genetics of which 
have already been described. 

Sub-Type 2 ; Calcium soils artificially formed from peat soils ; 
found not only in Holland but in Hungary too. 

Sub-Type 3 ; Calcium soils formed by liming and deep ploughing 
from soils originally add but not turf or peat soils . 

Sub-Type 4 ; Calcium soils formed by suitable reclamation from 
alkali soils . 

Stage VI. : Local Varieties. 

The orographical, hydrographical and climatic conditions probably 
make their effect felt even more intensively than in the case of natural 
soils. However, as the parent material of the new soil is t he former 
soil, there may be very material differences in respect of local varieties 
according to the measure in which the older soil has become transformed 
or has resisted the new soil development. All these circumstances 
combined determine the degree of development of the new soil , which is 
characteristic of the local, varieties. 

Main Type 8 : Calvero Soils (Light Chestnut, Dry Forest Soils— as 
determined by Stremme). 

Genetic Characteristics, — These soils occur on the Spanish, plateau; 
according to their present external appearance and their vegetation they 
may be regarded as steppe soils, though originally they were covered 
with so-called drought-resistant forests (Quercus cocci f era , etc.}, to be 
found even today in places. The destruction of the forests, primitive 
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pasturing and erosion have all contributed to remove the surface 
humus horizon in most places, the transition horizon remaining mixed 
with the original stone debris, and reminding us of a light-brown or 
yellowish steppe soil. For this reason these soils were formerly 
mistaken for, and called, steppe soils. Del Villar has included them 
among the lime soils;* designating them as posthumous soils, implying 
that they originally looked different — i.e. x they are calcium soils 
which originally were at least approximately similar to rendzinas, also 
calcium soils — but in the course of time have been destroyed, the 
residual transition horizon having come to the surface together with 
the parent material. 

Dynamic Characteristics . — At present the dynamics of these soils 
are very similar to those of the light-brown steppe soils. Where the 
original forest has remained, however, the dynamics are similar to 
those of the sub-tropical rendzinas. 

Chemical Characteristics , — Two original Galvero profiles have been 
analysed in my laboratory (Table LXXVIL). One of these profiles 
(Md 101) is rich in lime (CaCO s ), while the other (Md 102) contains 
a remarkable proportion of gypsum. The figures of both profiles 
show that they are typical calcium soils. 


TABLE LXXVII 




Md-101. 



Md-102. 


' 

I (a). 

1(b). 

II. 

1(a). 

I (b). 

II. 

Na,,0 . . 

0-27 

0*35 

0*30 

0*17 

0*21 

0*04 

k 2 o .. 

0-47 . 

0*52 

0*43 

0*32 

0*18 

0*09 

MgO . . 

715 

13*92 

11*06 

1-34 

0*71 

1*68 

Cat) 

30-47 

29*99 

40*61 

23*35 

20*50 

28*56 

MnO . . 

0*34 

0*05 

0*00 

0*11 

0*07 

0*18 

Fe s O, 

2*53 

1*53 

0*17 

3*70 

1*75 

0*16 

A1 2 0 3 . . 

0*90 

0*19 

0*07 

1*03 

0*76 

0-34 

SO s 

0*20 

0*23 

0*51 

5*69 

22*27 

40-36 

PA . . 

0*11 

0*09 

0*06 

0*12 

0*07 i 


CO, . . 

29*14 

34*43 

42*74 

13*86 

4*30 ; 

1*00 

SiO, 

6*71 

10*48 

1*20 

7*32 

6*94 ; 

1*10 

TiO, . . 
Insoluble 

0*03 

| - 

0*02 

— 

0*15 

0*10 

— 

residue 
Loss on 

10*60 

1*52 

0*48 

27*52 

■ 

19*02 

1*64 

ignition 

Hob 

8*12 

3*47 

2*11 

11*29 

16*74 

19*58 

(105° C.) 

| 3*05 

3*37 

0*44 

4*34 

7*29 

5*35 

Total 

i 100-09 

1 . 

100*07 

100*18 

100*40 

100*91 

100*23 


No further description can be given of these soils, which are as yet 
but little known. 

* See del Villar, E, : op. ciL, p. 213. 
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Soil Order 12; Sodium Soils 
(Main Type 1 : Saline Soils). 

1 he first trace of alkalisation is when we find some accumulation 
of alkali salts (especially of sodium salts) without the zeolite-humus 
complex itself becoming alkalised. These are pure saline soils. 

The northern saline soils, which are rich in iron and aluminium 

sulphates as a result of the reducing action of peat formation— e:g. 

most of the Finnish saline soils — do not in my opinion belong here. 
They should rather be included among the salty peat soils or .the 
salty, peaty" soils. 

Genetic Characteristics. — The saline soils belonging to this main type 
are of very common occurrence in regions where in soils of mixed origin 

for some reason or other alkali salts— in particular sodium salts 

have accumulated. The accumulation of sodium salts is often, accom- 
panied by an accumulation of magnesium salts, and may be due to 
very different causes . 

Harris* enumerates a whole series of sources from which the salts 
of the various saline soils may accumulate. Scientific literature keeps 
continually suggesting other possibilities. If we desire to establish, 
something like a system for these possibilities, we must divide the 
sources of the salts into four main groups — action of the ocean 
(oceanic), action of volcanoes (volcanic), weathering, decomposition 
of dead organic matter. 

However, for the salts to accumulate in the soil it is not enough 
that they should enter the soil or be formed in the soil, they must 
also be retained there. This may happen in several ways : (a) owing 
to the subsoil water table being continuously so high that the various 
sodium salts cannot be removed by natural drainage; (b) owing to 
the impervious subsoil preventing leaching out of the sodium, salts ;■ 
(e) owing to the evaporation of soil moisture being so rapid that the 
salts washed, down by rain are brought to the surface again by capil- 
larity; ( d ) owing to various combinations of the above t hree factors. 

Dynamic Characteristics - The dynamic character of saline soils, is 

determined, by those chemical, physical and biological phenomena 
which are dependent upon the qualitative and quantitative changes 
of the water-soluble alkali salts contained in the soils. 

Chemical Characteristics. — The chemical characteristics • of saline 
soils are determined primarily by the chemical composition of the 
water-soluble salts. 

The salts of littoral saline soils originally correspond to the propor- 
tionate quantities of sea-water salts. Clarke^ gives the following 
average composition of sea water : 

* See Harris, F. S. : “Soil Alkali, its Origin, Nature and Treatment T (New 
York, 1920). 

f See Clarke, F. W. : “ The - Data of Geochemistry (U.S. Geol, Survey 
Bull., No. CIO, 1916, pp. 22-35). 
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NaCl 
MgCl 2 
MgSO* 

CaS0 4 
K 2 S0 4 
MgBr 2 
CaC0 3 

Total 


My own investigations* and those of Hilgard*)* (Table LXXVIII.) 
have provided the chemical data characteristic of the salts of alkali 
soils found in various parts of the world. 

The data in Table LX XIX. showing the salt composition of a 
Russian “solontshak ” soil are from Glinka. 

The salt content of saline soils varies considerably. We may 
nevertheless say that the bulk of salts are sodium salts combined 
with a certain quantity of magnesium salts. The anions occurring 
most frequently are Cl, S0 4 and carbonates, nitrates occurring only 
exceptionally — usually in places where there is decomposition of 
organic matter. The carbonates are present partly as normal carbon- 
ates, partly as bicarbonates. In some cases the composition of the 
salts is very simple, in others very complex. 

Physical Characteristics.— The mechanical composition of saline 
soils may vary considerably — as is only natural when we consider 
the possibilities of formation. Sodium salts may, however, exercise 
a considerable effect upon the texture of the soil. In this respect 
there is a considerable difference between the effect of alkali 
carbonates and the carbonate -free sodium salts; for while the 
former increase, the latter decrease the degree of dispersion of 
the soil. 

Morphological Characteristics. — The morphological features of saline 
soils may vary considerably; for while on the one hand the original 
soils themselves may differ materially in their morphology, on the other 
hand the quality, quantity and even the vertical distribution of the 
salts can give rise to so many varieties that there can be no talk of 
general morphological characteristics. The morphology of a saline 
soil usually resembles that of the original soil or is entirely 
structureless. 

Biological Characteristics. — The most characteristic feature of these 
soils is the saline vegetation, which — though it may vary from place 
to place — within any given district shows a close connection with 
the salt content and salt quality of the soil.J 

* See Sigmon d, A. A. J. de: “ Hungarian Alkali Soils and Methods of their 
Reclamation” (Berkeley, Calif., 1927), pp. 106 and 110. 

t See Hiloard, E. W.: “ Soils ” '(New York, 1910), pp. 442-53. 

t See Big mono, A. A. J. i>e: “Hungarian Alkali Soils,” etc., p. 60. 
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3*60 
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100*00 per cent. 
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1-887 i 
0-780 1 
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§£ 
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3** 
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0-009 
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Water extract of a “solontshak” (Syr-Darja region). 
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Stage V. ; Sub-Types of Saline Soils . 

As there is a great divergence in respect of the origin and quality 
of saline soils, it is extremely difficult to give any exact description 
of the general characteristics of the sub-types. We may nevertheless, 
on the basis of the general characteristics of the main type, differ’ 
entiate the following sub-types : 

1. Saline soils containing exclusively or principally sulphates (such 
as, for instance, the soils found in the environs of Budapest or at 
Bil lings , Montana ) . 

2. Saline soils containing exclusively or principally chlorides (in the 
neighbourhood of salt mines, littoral saline soils, etc.). 



3. Saline soil s containing sulphates arid chlorides (e,g.< in the valley 
of Pecos, New Mexico). 

4. Saline soils containing sulphates and carbonates (e.g.. the Beke- 
scsaba soils in Hungary). 

5. Saline soils containing chlorides and carbonates (environs of 
Szeged, Hungary). 

6. Saline soils containing sulphates , chlorides and carbonates. 

7. Soils containing principally soda (e.g. 9 the soils in the region 
lying between the Danube and the Tisza). 

Stage VI. : Local Varieties. 

Probably in no other order of soils are the local varieties so multi- 
farious as in the case of saline soils. Owing to their high solubility, 
the salts move very easily in the soil Hilgabd pointed out that in 
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salme soils the vertical and horizontal distribution of the salts 
vary considerably. Fig. 20 illustrates a few types of the vertS 
distribution of salts in irrigated alkali land in Bekescsaba. 

lhe Bekescsaba land shows also that in a relatively small area 
there may be enormous variations in salt content (Fig. 3). The flora 
of the alkali land at Bekescsaba accords with its salt content The 
interdependence of salt content and vegetation ascertained by 

tomthco “tot™” 131611 ‘ he f ° il °"* lg classi “™ upon tile 


ril T Total Salt Content. 

Class I. a a i 

class II. .. ;; ;; • 0 .in.»5 perceilfc - 

Class III .. •• •• g.oj'olo ” ” 

Class IV. .... 0 

More than 0*a0 per cent. 

Since plants are peculiarly sensitive towards the soda content I 
have determined the following practical limits in this respect : 


Class I. . ContenL 

Class II. .. ’.I o ft *'n m P ° r Cent " 

Class III ••••.. 0 05-0 10 „ „ 

Class IV ° T 10 ' 0 ; 20 .. 

More than 0-20 per cent. 

t0 C01 ? bine tbe two classifications, I have taken 

by tola S oda Conte 7 ! C ° ntent as the numerator and that 

7 t0tal soda eontent as tbe denominator, the result being as follows: 

Class I. . . 

Class II. , . ” * * ■ * * , : * I/I 


Class III. 
Class IV. 


« * I/I 

Sub -class A 

II/I or 

„ B 

II/.II „ 

„ A 

III/II M 

„ B 

III/LTI „ 

„ A 

IV/III „ 

B 

IV/IV 


III/I 

II/III 

iv/rr 

III/IV 


demands nf A b ? d c + lassifieatlon lias Proved to be in harmony with the 
demands of the plants grown or cultivable on alkali soils and in o-eneral 
with the rec amation of the alkali lands in 
a practical biological classification * a J 7 

Main Type 2: Salty Alkali Soils. 

S 1 S ar 9 e , sh .7 a in Kgs- 21 and 22 (after photographs 
territory near NviVp 7 ldu 5^ ra * es a bm .y soda patch of the sandy 

tation fhows sS .I 7 Ma m Hun S ar y- The white spot bare of vege- 
tation shows salt efflorescence. Another type of salty alkali soil, at 

’ee Sigmond, A. A. J. DE: “ Hungarian Alkali Soils,” etc., p. 59. 
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Hajdudorog, Hungary, is illustrated in Fig. 22. This is also a salty 
alkali soil, but quite different in appearance from the former 
soil. The white spots even though they contain some sodium salts 



Fig. 22. 


and also soda — are chiefly clayey crust formations and not true 
efflorescences. 

Genetic Characteristics.— The second stage of alkali soil formation 
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is when, through the action of sodium salts, the absorbing complex 
is entered by a quantity of sodium cations sufficient considerably 
to increase the dispersivity of the colloids. This effect is not appreci- 
able as long as there is an abundant quantity of Nad or Na 2 S0 4 in 
the soil. But as soon as the salt content has to some extent been 
reduced, the absorbing complex is peptised and is able to fill the 
interstices in the soil sufficiently to prevent percolation. We have 
found that when the sodium equivalents in the S complex exceed 
10-15 per cent, the dispersing effect of the sodium cations becomes 
appreciable. 

Dynamic Characteristics . — The dynamics of salty alkali soils closely 
resemble those of simply saline soils. In practice the difference is 
usually imperceptible, and does not make its appearance until we 
ameliorate the soils — e.g., by leaching. For the saline soils are easily 
washed out, giving soils resembling other non-saline soils of similar 
structure. In the case of salty alkali soils, however, during leaching 
we often observe a deterioration, for the soil becomes less and less 
permeable with the advance of the leaching. 

Chemical Characteristics . — The dominant feature of salty alkali 
soils is the high proportion of exchangeable sodium cations and the 
large amount of water-soluble sodium salts. According to investiga- 
tions made at Hungary, the percentage of exchangeable sodium 
equivalents calculated to the S-value is not less than twelve, that of 
the total salt being more than 0-20 per cent,, for which reason these 
alkali soils belong to Class III. or Class IV. — or to their respective 
sub-classes. 

These processes, however, transform the whole chemical composition 
of the soil profile, for the soil is practically without interruption 
exposed to the eluviation of alkali salt solutions of a concentration 
varying with the moisture conditions. These solutions follow the 
direction of the soil moisture, percolating downwards or rising by 
capillarity and washing through the soil horizons in both directions. 
The salty soil solutions dissolve the CaC0 3 and CaS0 4 , the result 
being that the calcium salts are washed down from the upper into the 
lower horizons, where they accumulate. The interaction of the CaC0 3 
and the NaCl or Na 2 S0 4 forms Na 2 C0 3 and CaCl 2 or CaS0 4 respectively. 
Geduoiz questioned the possibility of soda being formed in this way 
in soils, attributing its formation to the hydrolytic decomposition of 
the sodium complex.* There is no doubt that soda can form in the 
manner suggested by Gbdroiz, but only after the bulk of the sodium 
salts have been leached out. The Hungarian soda soils prove just 
the contrary; for despite a high soda content they contain also con- 
siderable quantities of sodium chloride or sodium sulphate — thus 
contradicting Gedroiz’s theory. More recently this question has 

* See Gedroiz, K. K. ; “Colloidal Chemistry as related to Soil Science,” 
a work originally published in Russian (1912) and not translated into English 
until after the Great War. 
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been reinvestigated by Cummins and Kelley ,* whose experiments 
have once more shownf that when non-alkali soils are treated with 
sufficiently concentrated neutral sodium salt solutions, the sodium 
cations gradually exchange with the calcium cations, while the soil 
thus transformed shows an alkaline reaction after removal of the 
sodium salts. This may be explained as due to the absorbed sodium 
being hydrolysed by water, temporarily forming a small quantity of 
NaOH which, combining with the C0 2 of the soil, produces Na 2 C0 3 . 
This is the manner of soda formation as determined by Gedroiz. 
The reaction is certainly correct and explains why alkali soils that are 
only slightly salty can give an alkaline reaction. According to this 
reaction no considerable quantity of Na 2 C0 3 can form in the soil 
unless the neutral sodium salts (NaCI and Na 2 S0 4 ) are first removed. 
According to Cummins and Kelley’s experiments the original con- 
centration of salts has to be reduced to about one-half to enable 
leaching to produce an alkaline reaction. To allow the formation 
in this manner of any considerable quantity of soda it is, however, 
necessary to wash through with increasing quantities of water the soil 
gradually freed from salts. According to the data shown by experi- 
ments known to us, this quantity is far less than that often found in 
Hungarian alkali soils. In my opinion the mechanism of soda forma- 
tion suggested by Gedroiz merely explains why, when mixed with pure 
water, sodium soils which are otherwise free of carbonates, and there- 
fore of soda, produce an alkaline reaction, and it points to the possi- 
bility of Na 2 C0 3 accumulating in the subsoil as a result of leaching. 
We often find cases of this kind in leached alkali soils. It is therefore 
indubitable that a certain amount of soda may be formed in sodium 
soils even when they are free of carbonates. According to Hilgard’s 
theory this is impossible, because one of the forming factors — CaC0 3 — 
is lacking. Another point ascertained as a result of the experiments 
made by Cummins and Kelley is that if we mix a sodium soil free 
of carbonates with neutral and soluble calcium salts (e.g., with nf 10 
calcium chloride), the alkalinity of the sodium soil disappears com- 
pletely. Cummins and Kelley drew the erroneous conclusion that 
CaC0 3 is not only unnecessary but may actually be detrimental to soda 
formation because, as shown by Hilgard’s equations, what results 
is either CaCl 2 or CaS0 4 , which both suppress the hydrolysis of the 
sodium soil and consequently soda formation too. In my opinion, how- 
ever, all that this proves is that in the case of calcareous saline soils 
the soda found in the soil cannot be formed as suggested by Gedroiz, 
but only in the manner ascertained by Hilgard. In the case of saline 
soils free of carbonates the theory suggested by Gedroiz can be applied. 

* See Cummins, A. B., and Kelley, W. P. : 44 The Formation of Sodium 
Carbonate in Soils” (Cal. Agr. Exp. Station. Technical Paper, 3, 1923). 
Of. Sigmond, in Mezoga.zdasagi Kutatasok, Vol. II., 1929, p. 272. 

| I had ascertained this fact already in 1916 (in Math, es Termeszettud. 
firtesito, Vol. XXXIV., p. 279). 
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To sum up, my own experience does indeed endorse the results 
obtained by Gedroiz, Cummins and Kelley, but it would appear that 
in the case of natural sodium soils a considerable quantity of soda 
is found only in those alkali soils which contain also a considerable 
quantity of CaC0 3 . In these soils, besides soda, we often find large 
quantities of neutral sodium salts — which, according to Gedroiz, 
should prevent the formation of soda. Hence the soda formation can- 
not be explained except by Hilgard’s theory. 

Hilgard distinguishes two kinds of alkali soils— white and black. 
The white soils contain only neutral salts, the black soils contain 
soda as well. This differentiation is based upon the fact that if the 
soil is humous and also contains soda, the soda dissolves the humus, 
producing a brown efflorescence. Where the soil does not contain 
much soda, the salts consisting chiefly of NaCl and Na 2 S0 4 , the 



Fig. 23. 


efflorescence is white. Fig 23 shows a white alkali soil from Fresno 
in California (photo by Dr. Arany). 

In the alkali soils of the Hungarian lowlands (viz., in the heavy 
alkali lands lying on the banks of the River Tisza) the bulk of the 
salts is Na 2 S0 4 , with here and there some Na 2 C0 3 and NaCl, and 
also water-soluble magnesium salts. 

* Two distinct types of these heavy alkali soils are shown in the 
photographs by Dr. Arany reproduced in Figs, 24 and 25. In the 
most salty areas of these alkali lands the plant of most frequent 
occurrence is the C amphorosma ovata , patches of which are shown 
in Fig. 24. 

In alkali bottom-lands in which in spring the water stagnates for 
some time and in the dry summer season evaporates, the clay cracks 
and develops a mosaic-like pattern on the surface — as shown in 
Fig. 25. 

In the soda soils found extensively in the region between the Danube 
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and the Tisza the salts are mainly Na a C0 8 and NaHCO,, with h 
and there some NaCl and even Na 2 S0 4 . 

In my monograph on Hungarian alkali soils already referred 
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Fig. 25. 

there are numerous data relating to the composition of the hydro- 
chloric extracts of those soils.* 

Physical Characteristics . — The mechanical composition of salty 
alkali soils may vary considerably. 

* See pp. 99 ff. 
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The physical properties of heavy alkali soils depend largely upon the 
quantity and quality of the salts and upon the degree of alkalisation 
of the soil. My studies of Bekescsaba soils, which helped me to 
explain the process of alkalisation,* showed that in impermeable 
alkali soils there are far larger quantities of exchangeable sodium than 
in the permeable alkali soils of better quality. 

Morphological Characteristics . — The salty alkali soils in many re- 
spects resemble the Russian “ solontshak 55 soils, as usually they 
have no special structure. A soil of this kind is shown in the profile 


reproduced in Fig. 26. A close study of the Russian literature, how- 
ever, shows that the term “ solontshak ” does not correspond exactly 
with the salty alkali soils. For, although the salty alkali soils are very 
often structureless, we do find them with eluvial and illuvial horizons 
possessing definite structure. This latter type is illustrated in Fig. 27. 
The horizons are not indeed so distinct as in the leached alkali or 
Russian “ solonetz ” soils, but their structure betrays many features 
in common with the “ solonetz ” soils. 

Biological Characteristics . — Practically the same as in the saline soils. 

Stages V. and VI. are also analogous to the saline soils. 

* See Sigmond, A. A. J. de: Math. Termeszettud. firtesito, Vol. XXXIV. 
(1916), pp. 311-12. 


Fig. 26. 


Fig. 27. 
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Main Type 3 : Leached Alkali Soils. 

Genetic Characteristics . — We have already seen that the formation 
of saline and salty alkali soils is characterised by an accumulation 
of alkali — in particular of sodium — salts, usually due, among other 
things, to an excessively high water level. Now, if the level of the 
ground water sinks — though only periodically — or if we drain off 
the salty ground water, there begins a process of intensive leaching 
out, the first phase of which is the 

falling below 0*10-0*15 per cent, of ' _ _ 

the quantity of water-soluble salts. , l, jf%,; 

During this process the absorbing '< : *' 

complex loses none of its sodium, but * 

the whole profile changes to that of * ^ ' * 

an alkali soil (“ so'lonetz ”) with a . 1 

structure. Fig. 28 shows a profile of ^ ? Hr&L JSj$W 

this kind from Tiszarof (Hungary) ^ ' 

after a photograph by Dr. Abany. 

suppose that the surplus moisture has . . ; . * 

soil, the soil being then re wetted and 

be that the sodium salts are more or b Ir ^ 7 < 

less leaeheci out, while at the same | if --mb ' a \ » 

stantly increases. If the soil from , Jim 

time to time becomes dry, we have ' ' • 

imitated the process occurring in | " g 1 ’ 

ness the soluble compounds which h -rA* C 1 f l 

are leached down but not washed Iff f'b f|§ ' , JjJ 

out will rise again to a certain level. | r , A' y :: bb 
For, though the sodium salts follow 

closely the movement of the soil Fig. 28. 

moisture, the less soluble salts — e.g., 

CaC0 3 and CaS0 4 — follow the sodium salts more slowly in pro- 
portion to the decrease in their solubility. To this is due the 
fact that, when leaching follows a downward direction, the CaS0 4 
penetrates deeper than the CaC0 3 , which is leached from above, 
whereas when the soil solutions move upwards, the CaS0 4 rises 
higher than the CaC0 3 . This results in the CaS0 4 and CaC0 3 pre- 
cipitating out of the saturated soil solutions round the primary 
foci of crystallisation. In the subsoil of steppe soils, for instance, 
we find usually the gypsum horizon deeper than the lime horizon, 
whereas in leached alkali soils the reverse is the case. For in salty 
alkali soils the level of the ground water was originally high, salt 
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accumulation having begun with the drying-up for some reason of 
the upper horizons, so that the movement of the soil solutions started 
upwards from the water level. CaC0 3 does not rise very high and 
precipitates; it is followed by CaS0 4 , and only sodium salts reach the 
upper layers. During the following leaching the salts do indeed dis- 
solve in the reverse order; but while the foci of crystallisation formed 
previously do not dissolve entirely, the process of leaching cannot 
go beyond the former water level, and there Is consequently no op- 
portunity for precipitation until during a new dry period the move- 
ment of the solutions becomes an upward one again. Thus the 
horizons above the gypsum horizon become more alkaiised, but not 
necessarily more saline; whereas in the case of Hungarian steppe 
soils, for instance, we find a slight alkalisation below the gypsum 
horizon. At first it would appear as if the sodium salts had entered 
the soil from below, but actually the sodium salts formed or collected 
on the surface penetrate downwards into the lower horizons — just as 
in the case of Hungarian steppe soils. But, whereas in the case of 
the steppe soils the subsoil is permeable, and the leached salts are 
carried right away, in the case of alkali soils the subsoil is impermeable, 
so that the surplus salts cannot be removed and during evaporation 
reach the surface again. 

The result of this repeated washing through of the upper horizons by 
sodium-salt solutions is that the degree of alkalisation may be much 
higher than in the earlier phases. But even if this does not happen in 
each single case, the advance in the leaching of the sodium salts is 
accompanied by a corresponding increase in the dispersivity of the 
absorbing complex, while as a consequence of downward percolation 
of the colloidal solutions the B horizon becomes more and more im- 
permeable. This is the origin of the so-called “ hard-pan ” horizon — 
the horizon which is impervious alike to water and to air , separating off 
almost hermetically the upper horizons of alkali profiles from the lower 
horizons. The downward movement of surface water is possible only 
through the cracks formed in dry periods, these cracks serving as 
channels for the washing down of a part of the upper leached greyish 
horizon, which then mottles the cross-section of the lower and darker 
horizons and covers the surfaces of the dried clods with a sugar-like 
coating. This is the origin of the typical structure of alkali soils or 
what the Russians call “ solonetz Recently Kelley and others have 
described soils with a 44 solonetz ” structure in which the proportion of 
exchangeable sodium is negligible. These soils they call 44 magnesium- 
solonetz soils. If used in this sense the term 44 solonetz 55 refers to 
the structure of the soil only and does not correspond to the original 
idea expressed by the Russian word. 

Chemical Characteristics. — We have very few data relating to a 
complete analysis of structural alkali soils. Glinka has published* 
the total chemical composition of a 44 solonetz 55 profile soil from the 
* See Glinka, K. : “ Ty pen der Bodenbildung, ,: ’ p. 198. 
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to the 

The e ba aSe of ^estnd s^uloxMes totheSp^W^f and A*? 
pa^oSy^hSS^ndBt : t0 ImVe accmnula W most 
« T } ie chemical composition of the hydrochloric extract nf o + • i 

soJonetz soil and that of the absorbing complex can be bes/m" 
trated by giving the data for an alkali soil from the TTnrtlk' 1us ' 

(Hungary) The composition of the hydrochloric extract of 

is given m Table LXXXI. 1000 extract °f the profile 

( TABLE LXXXI 


Percentage calculated, to Soil dried at 105° C. 


Horizon. 


Na„0 . 

K 2 0 

CaO .. 

MgO . . 

MnO . 

Al a 0 3 . . 

Pe 2 0 3 . . 

S0 3 . . 

PaOs 

CO a 

Soluble Si0 2 . . 
Loss on ignition 
Insoluble residue 


10-94 2-02 2-24 I 2-25 

76-50 73-75 55-75 j 55-15 

99-95 100-35 99-71 I 99-59 


; B 3 

j Ch | c 2 

C 3 

D 

! 

1-96 

0*78 

0-81 

0-67 

0*89 

0*70 

0*27 

0-29 

0-26 

0*29 

0*69 

10*26 

16-00 

14-53 

14*40 

1*65 

1 1*42 

0-23 

0-24 

0*35 

— 

0*02 

0-98 

1-04 

0*78 

8-33 

6*65 

6-63 

8-95 

8*25 

7-00 

4*14 

3-60 

4-63 

1 4*50 

0*46 

0*01 

0-23 

0-27 

0*17 

0*20 

0*15 

0-07 

0-05 

0*04 

~~ | 

7*20 

11-55 

10-62 

10*45 

21*20 | 

12*94 

12-75 

13-50 

13*36 

2*25 

■ 1*96 j 

1-46 

1-61 

2*15 

55*15 

54*80 j 

46-00 

44-00 

44*95 

99-59 | 

100-60 1 

100-60 

100-37 

100*59 


MO, in 

in the C. horiion “e n “ ? e Ga0 re “ Iles its maximum 

116 2 h ° nZOn ’ the M S° and K ^0 in the B 3 horizon, and the Xa.,0 
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TABLE LXXXII 


Horizon. 

ai 2 0 3 % j 

dissolved by 
HC1. 

AlgO 3 % 
dissolved by 

5 % KOH. 

SiO, % 
dissolved by 
HC1. 

SiO s % 
dissolved by 

5 % KOH. 

A.. 

. . i 3-60 

0*54 

5*83 

1*54 

B, 

. . : 5-77 

0*58 

10-88 

1*70 

b 2 

815 

0*35 

20*75 

1*87 

b 3 

8-33 

0-32 

21*20 

2*04 

C, 

6-65 

0*50 

12*94 

1*51 

c 2 . . 

6*63 

0*48 

12*75 

1*49 

c 3 . . 

. . ! 8*95 

0*45 

13*50 

1*55 

D . . 

.. ; 8*25 

0*44 

13*36 

• 

1*58 


in the R> horizon, showing that all have alike been leached downwards. 
Of the acid residues the S0 3 reaches its maximum in the B 2 horizon, 
the P 2 0 5 in the A and the C0 2 in the C 2 horizon, where there is an 
accumulation of CaC0 3 . The S0 3 residue concentrated in the B 2 
and B 3 horizons represents the gypsum accumulation horizon. 

The chemical character of the hydrochloric extract is best shown 
by the data of Table LXXXIIL 

TABLE LXXXIII 


Horizon. 


Percentage of mg. Equivalents, calculated to that of 
the Total Cations. 



- 

.. 

B, 

b 2 

b 3 

C, 

C 2 

C 3 

D 

Total mg. 









Equiv . of 
Cations. 

306*1 

607*9 

916*7 

940*1 

1008-4 

. 

1159*9 

1283*4 

1234-7 

Na 1 .. 

9*5 

12*14 

10-56 

6*74 

2-50 

2*22 

1-68 

2*35 

K* . . 

2*5 

1*53 

1*30 

1*58 

0*57 

0*55 

0*43 

0*49 

Can . . 

7*3 

4*60 

4-34 

2-65 

36*08 

48*93 

40*45 

41*38 

Mg 11 . . 

4*4 

5*70 

3*63 

8*95 

6*95 

4*94 

0*95 

1*48 

Mm 11 . . 

_ — 

■ ■ 

— 

■ — * 

0*05 

2*38 

2*29 

1*76 

Fe^i 

7*0 

20*44 

27*92 

28-05 

15*35 

11*59 

13*43 

13*60 

Aim _ 

69*3 

55*48 

52*35 

52*00 

38*50 

33*39 

40*77 ; 

38*84 

SO n 

1*5 

i 1*06 

1*58 

1*22 

0-02 

0*49 

0*52; 

0*32 

P0 4 ni 

3*5 

! 0*90 

| 0*55 

0*90 

! 0-63 

0*25 

0*16 : 

0*14 

CO s n 

■ — . 

— 

— 

■■ — 

32-33 

45*03 

37*37 

38*24 

Si0 4 n 

95*00 

98*04 

98*04 

97*88 

67-02 

54*23 

; 61*95 

j 61*30 

SiO 2 surplus 

1*47 

1 

! 1*83 

| 

7-32 

7*33 

2*66 

3*21 

! 1*42 

| 

1*87 

j . 
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The above data show fftfet, numerically, the soil is definitely a 
sodium soil, for in the A v B x and B 2 horizons sodium is the most 
prominent of both the monovalent and bivalent cations. Moreover, 
in the B 3 horizon, though the percentage of magnesium equivalents 
is higher than that of Sodium, the amount of the latter is nevertheless 
relatively higher than in the C horizons. In this respect the profile 
of an alkali soil differs materially from that of hydrogen soils, in which 
sodium usually plays a very subordinate part. 

The most characteristic feature is, however, the quantity of ex- 
changeable cations, the data relating to which will be found in Tables 
LXXXIV. and LXXXV. (same profile as above). 


TABLE LXXXIV 


Horizon. 

mg. Equivalents of Exchangeable Cations in 

100 Grammes Dry Soil. 

Ca 

Mg 

K 

Na 

Total ( S ). 

A 

6-2 

5*5 

1*2 

7*7 

! 20*6 

B . 

9*6 

6*1 

1*0 

14*6 

; 31*4 

B , 

10*3 

7*3 

0*9 

{ 23*8 

! 42*3 ' 

b 3 

9-9 

9*5 

1*0 

20*5 

40*9 

C. 

14*4 

8*8 

1*8 

! 14*6 

39*6 

C a ... . . 

15*5 

8*6 

2*9 

! 12*4 

39*1 

c s 

16*1 

8*0 

2*4 

1 14*0 

40*5 

D 

15*9 

8*4 i 

2*0 

| 12*8 

i " 

39*1 


TABLE LXXXV 


Horizon . 

Percentage of Exchangeable Cations , calculated to 

S = 100 . 

Ca 

Mg 

K 

> ” Na 

A 

30*1 

26*7 

5*8 

37-4 

Bi 

30*6 

1 19*7 

3*2 

46*5 

B, 

24*4 

17-2 

' 2*1 

56-3 

B, 

24*2 

. 23*2 

2*4 

50*2 

Cx 

36*4 

22*2 

4*5 

36*9 

..cv . . . 

38*9 

22*0 

7*4 

31*7 

C„ 

39*8 

19*7 

5*9 

34*6 

D 

40*6 

21*5 

f; v* 

5*1 

32*8 


The data also show that the whole profile is that of a sodium soil, 
for the proportion of the Na equivalents in percentage of S value 
far exceeds 12-15 per cent. 
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However, leached alkali soils easily bedbme degraded in the course 
of leaching and are transformed into “ soloti ” soils. In the case 
under discussion the A horizon — as shown by the data of Table 
LXXXVI. — may be described as already degraded. That is shown 
in particular by the low pH value of the surface horizon and by its 
high hydrolytic acidity. 

In this connection I must point out that the hydrolysis observed 
by Gedboiz is so slight that even the most thoroughly alkaiised B 2 
horizon failed to give a positive reaction for Na 2 C0 3 . In the A horizon 
soda formation was probably prevented by the high concentration 
of H ions, but this is not very probable in the case of the B l and B 2 
horizons. This proves that soda formation according to Gedboiz’s 
theory is by no means so easy as to warrant us in attributing the 
considerable quantities of soda found in the sodium soils exclusively 
to that process. And it is also proved that measurable quantities of 
soda are only found where there is abundant CaC0 3 — i.e., from the 
Oj horizon downwards. 

Physical Characteristics . — A characteristic feature of leached alkali 
soils is that the B horizons — produced by illuviation from above — 
contain a larger proportion of clay than the A horizons. This is 
frequently the case in salty alkali soils too; it is most highly developed 
in the fic solonetz ” soils, as may be seen from the soils with a columnar 
structure from the Turgey region (Russia), the data relative to which 
are given by Glinka* (see Table LXXXVIL). 

The data show that in the B horizons the fractions with a diameter 
of 0-05-0*0015 mm. and less than 0*0015 mm. — i.e., the clay fraction — 
are greater than in the A horizon. The physical behaviour of leached 
alkali soils in general is very unsatisfactory alike for cultivation and 
for plant growth — often, indeed, much worse than that of salty alkali 
soils. When it rains, they very slowly take up Avater, and even after 
a heavy rain they become w r et only to a depth of 1-2 mm., below 
which they are hard and dry. This is due to the considerable swelling 
of the colloids and to the resulting increase of volume, which closes 
all the pores and makes them impervious. This explains also why in 
the dry state the pore volume of alkali soils is less than their water 
capacity.f The same cause is responsible for their being scarcely 
permeable. Another characteristic feature of these soils is that if 
we mix them with a large amount of water, we get a turbid solution 
which does not become clear even after six months. This is due to 
the sodium in the humus-zeolite complex exercising a peptising 
effect, though formerly it was attributed to the influence of soda. 
To the same cause may be attributed also the physical phenomenon 
that when mixed with water an alkali soil immediately deflocculates, 
whereas when dried it becomes hard as a stone and cracks to a great 
depth. These properties are seen in practically all, though most 

* See Glinka, K.: “ Die Typen der Bodenbildung,” p. 197. 
t See Sigmond, E.: Viziigyi KozL, VoL III., No. 5, p. 172. 


18 




1 


CHARACTERISATION AND CLASSIFICATION OF SOIL TYPES 275 




> 

X 

X 


91 



Ratio 
of Clay 
to Sands. 

C5 ©1 

pH pH 

1:2*1 

1:1*8 
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strikingly in leached, alkali soils** Alkali soils offer the best illustra- 
tions of the close connection between the physical properties of a 
soil and the chemical composition of the absorbing complex. 

Morphological Characteristics . — The characteristic structure of this 
soil type is clearly connected with the physical and chemical properties. 
The surface horizon is usually crusty or foliated, due to deflocculation 
with water and the gradual settling of silt. This effect, however, 
does not penetrate to any great depth, as the soil does not easily 
take up water. Below the surface horizon we usually find the hard 
accumulation horizon (B), which may be divided into several sub- 


horizons. In the Hortobagy soil profile referred to above, we can 
distinguish the following three sub-horizons: B v the upper illuvial 
horizon, dark-brown in colour and with a well-developed columnar 
structure, 9-29 cm. in depth; B 2 ; middle illuvial horizon with prismatic 
structure, 29-55 cm. in depth; B 3 , lower accumulation horizon, 55- 
70 cm. in depth, being a transition from the darker illuvial horizon 
with a structure to the light-yellow, loess-like, marly subsoil; it is 
free of carbonates. The columnar structure of a similar B x horizon 
is illustrated very strikingly by Fig. 29 (after a photograph by Akany). 

Below the B horizons we find the parent material (C), which is 
also divided into three horizons: C 1? loess-like marl rich in CaCO*, 
70-100 cm. in depth; C 2 , accumulation horizon of CaC0 3 , 100-125 cm. 

* See Sigmond, A. A. J. de: V Hungarian Alkali Soils,” etc., p. 78. 
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in depth; C 3 , a horizon with a slightly rusty colour due to iron, and 
presumably resulting from the action of ground water. 

Below the latter horizons we find the bluish -grey, impervious lake 


clay (D), characteristic of the heavy alkali soils of the Tisza Valley, 
and owing its colour to reduction processes. In many respects this 
horizon corresponds to the gley horizon of wet podsols and peat soils 
and is due to the swampy origin of Hungarian alkali soils. 
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Although the profiles of leached alkali soils (or 44 solonetz 55 soils) 
are not so highly developed in every case., the A, B and C horizons 
are usually distinguishable by their external characters (see coloured 
supplement, Profile 9). 

Biological Characteristics . — Leached alkali soils are not as un- 
cultivable as saline soils, which bear only halophyte vegetation. 
The natural vegetation of leached alkali soils is very xerophytic , as the 
rapidity with which they dry prevents any but drought -resisting 
plants from surviving. Where attempts to cultivate these soils succeed, 
we may get a fair medium crop of wheat and barley. The quality 
of the former is good, of the latter poor. Owing to the difficulty 
of working the soil, yields are inclined to be rather uncertain. 

These soils (known popularly as 44 fertile alkali soils ”) may be 
successfully reclaimed by liming or by marling. A 44 fertile alkali 
soil ” is shown in Fig. 30, while Fig. 31 shows a ditch for the supply 
of yellow marl (photos by Dr. Arany). 

In the right-hand corner of Fig. 31 we get a very clear view of the 
darker accumulation horizon lying below the eluviation horizon. 


Stage V. : Sub-Types of Leached Alkali Soils . 

Russian soil scientists distinguish typical 44 solonetz ” soils and 
44 solonetz-like ” soils, the latter having been formed from other 
soil types such as tshernosems or chestnut steppe soils. Glinka 
describes the latter as occurring in the neighbourhood of 44 solonetz ” 
soils, differing from them only in their 44 solonetz 55 formation being 
less well developed. He distinguishes 44 solonetz-like 55 and 44 slightly 
solonetz-like soils.* We may, in addition, distinguish between 
44 solonetz-like ” soils formed from tshernosems, those formed from 
brown steppe soils and other brown soils, and those formed from other 
soils of a similar character. According to Glinka it is in the brown 
steppe soil belt in particular that we find a very manifold complex 
of such soils. In these complex zones brown steppe soils are found 
alternating with 44 solonetz ” soil, 44 solonetz-like 55 and 44 slightly 
solonetz-like 5? soils respectively.! On the strength of the data avail- 
able today it would indeed be difficult to determine the several stages 
of 44 solonetz ’’-formation, and I cannot separate from the 44 solonetz- 
like ” sub-group the sub-group designated by Glinka as 44 slightly 
solonetz-like. ” For the present, therefore, we can only distinguish 
two sub-types : 

Sub-Type 1 : Typical 44 Solonetz 55 Soils or Alkali Soils with Structure. 

Sub-Type 2 : 44 Solonetz-like ” Soils . 

* See Glinka: op. cit. 9 p. 191. 
f See Glinka: op. oit ., p. 208. 
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Stage VI. : Local Varieties. 

Local orographical conditions may result in producing very charac- 
teristic formations. 

Local climatic and hydrographical conditions may also leave their 
impress on local varieties, the distribution of which is further influenced 
by the character of the soil zone or region. Finally , the stage of develop- 
ment of the locality and its description may serve as a sure guide to the 
distribution of local varieties , which in the case of leached alkali soils 
and other sodium soils may be very numerous. 

Main-Type 4 : Degraded Alkali Soils (“ Soloti ” Soils). 

Genetic Characteristics . — The leaching process which converts salty 
alkali soils into leached alkali (or “ solonetz ”) soils naturally is not 
restricted to the leaching down of water-soluble salts from the surface 
horizons, but continues by hydrolysing the Na of the complex. The 
Na is replaced gradually by H, which enters the complex in ever- 
increasing amounts, the result being that the originally alkaline re- 
action becomes an acid reaction, there being also other signs of acid 
leaching (e.g., formation of iron concretions). For obvious reasons 
this process is most in evidence where for some cause there is a preva- 
lence of more humid soil conditions favourable to eluviation. 

Dynamic Characteristics. — The dynamics of both sodium and hydro- 
gen soils operate jointly in the dynamic phenomena of these soils. 
Did the behaviour of these soils not resemble that of alkali soils so 
closely we might include them among the hydrogen soils — as we did 
with the degraded calcium soils. However, since the dispersing effect 
of absorbed Na cations is even greater than of H cations, these soils 
are dynamically more closely akin to the sodium than to the hydrogen 
soils. 

Chemical Characteristics. — The essential difference as compared with 
the foregoing main type is that in the absorbing complex we find 
hydrogen penetrating at the cost of sodium. The reaction of the soil 
is acid. 

Physical Characteristics. — These correspond almost entirely to those 
of the foregoing main type, though perhaps illuviation penetrates even 
deeper. 

Morphological Characteristics. — The upper A horizon divides into 
two sub-horizons, the lower of which (A 2 ) shows the character of a 
podsol horizon. The columnar structure of the B x horizon is not so 
distinct as in the foregoing main type; it breaks up into nut-like clods. 
In the subsoil we often find iron-veined gley horizons, which mark 
the levels of the movement of the water table. 

Biological Characteristics. — In the Russian “ soloti ” soils a few un- 
pretentious trees and shrubs are found beside the steppe flora. The 
afforestation of Hungarian “ soloti ” promises to be successful ; more- 
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over, these soils may easily be reclaimed by liming and may eventually 
be converted into normal calcium soils. 

Stages V. and VI. cannot be described owing to lack of knowledge. . 

Main Type 5 : Regraded Salty Alkali Soils. 

Genetic Characteristics. — According to Vilensky* the first soils to 
form in Russia in the Post-Glacial period were saline soils. These 
were followed in a later, drier period by leached and degraded alkali 
soils, some of which, owing to a rise in the w r ater table, are becoming 
saline again, thus having to a certain extent regraded. 

Dynamic Characteristics. — We find the dynamics of the earlier 
conditions partly combined w r ith those of the rising of salts. 

Chemical Characteristics. — The chemical characteristics of the earlier 
conditions have been more or less obscured by the accumulation of 
tvater-soluble salts. 

Physical and Morphological Characteristics . — The morphological 
features of the original alkali soil are made less distinct by the intrusion 
of salty solutions, but the characteristic structure is still discernible. 

Biological Characteristics . — Biologically, these soils are in the worst 
possible condition, for the injuriousness of the high salt content of 
salty alkali soils is combined with the bad physical properties of 
leached alkali soils. 

Stage V . : Sub-Types of Regraded Salty Alkali Soils. 

At present we can distinguish only tw r o sub-types : 

Sub-Type 1 : Salty Alkali Soils regraded from Leached Alkali (“ Solo- 
netz ”) Soils. 

The absorbing complex is approximately saturated. 

Sub-Type 2 : Salty Alkali Soils regraded from Degraded Alkali 
(“ Soloti”) Soils. 

The absorbing complex is largely unsaturated. 

Stage VI. : Local Varieties . 

The local types vary approximately according to the same principles 
as in the case of the other alkali soils. 

Soil Order IS : Brown Earths. 

The term brown earth was introduced into soil science literature by 
Ramann. His definition and characterisation were not very exact, 
and are still under discussion. We have already described several 

* See Vilensky, D. G. : ‘Rep. I. Intern. Congr. Soil Scientists in Wash., 
1927 9 (Kharkov, 1927), p. 120. 
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brown soils, some of which are closely akin to the brown earths de- 
scribed in this section, for they were formed under forest vegetation 
and do not betray any external signs of podsolisation, the acid leaching 
being revealed only by chemical analysis. In his description of brown 
earths Ramann points out that leaching is restricted to CaC0 3 , while 
sesquioxides and silica are unaffected. This Ramann believes to be 
due to the humus formed in the soil not being acid but soon decom- 
posing completely into C0 2 and H 2 0, so that weathering takes place 
in a soil solution rich in carbonic acid. The fact that in certain cases 
the surface horizon of brown earths is of a dirty brown colour, due to 
the humus content, does not contravene the principle which groups 
these soils among the soils undergoing carbonic-acid weathering; for 
the humus remaining in the soil is only what is called the inactive 
reserve which, the moment it becomes active, completely decomposes. 
As a consequence the mobilising effect of the acid humus on the sesqui- 
oxides cannot assert itself, or only to a very slight degree. For that 
reason this soil order is rightly placed in my soil system at the head 
of the siallite soils poor in, or free of humus. Stebutt has also 
pointed out that the brown earth zone is a transition zone between 
that of the podsolic forest soils and the red earths.* 

But brown soils are found not only among typical forest soils, but 
also among degraded tshernosems (see Sub-Type 2 of the latter 
main types). Here, too, the characteristic feature is that at a certain 
stage of degradation the saturated humus decomposes and the iron 
oxide colours the soil brown, i^ccording to Stebutt this 44 rustiness ” 
of the humus horizon — which is characteristic also of degraded steppe 
soils — is also a very frequent phenomenon in the case of brown earths. 
Brown steppe soils of various shades of colour have also been de- 
scribed, but these soils owe their brown colour not so much to the Fe 2 0. i 
content as to the humus content , whereas in the brown earths their colour 
is due to the presence of iron hydroxide. 

Obviously, then, it is often difficult to differentiate between the 
various brown- coloured soils ; and it is not surprising that the defi- 
nition of brown earths has given rise to endless discussion. In my 
opinion it is still a moot point whether Stebutt \s definition covers 
the term 44 brown earth ” as first used by Ramann. From the point 
of view of soil systematics, however, it is irrelevant whether Ramann 
definition coincides with Stebutt’s or not ; all we need know is that 
there are 44 brown earths 55 in which both the sesquioxides and the 
silica are stable , as has been shown by Stebutt and Lundblad, who, 
working by different methods, arrived at the same conclusions. The 
only question of systematic importance is whether these soils should 
be called simply 44 brown earths,” as suggested by Ramann, or whether 
it would not be better to call them the brown variety of ferri-siallite 
or sialfer soils, applying the same terminology in the ease of red and 
yellow soils. 

* See Stebutt, A. : “ Lehrb. d. allg. Bodenkimde,” pp. 439-41. 
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But, although according to Ramann and other soil scientists brown 
earths occur in many places in Europe and North America, these soils 
have not been studied strictly enough according to the principles 
enunciated above. So the further distribution of brown earths by 
sub-types and local varieties must be left to future research. 

There is, however, another type of brown-soil formation which 
agrees with that of brown earths in the rusty accumulation being at 
the top, so that the soil profile may be designated — like the brown-earth 
profile — by the letters BC. These brown soils are the result of erosion, 
which washes away the A horizon and thus prevents the formation 
of a normal ABC soil. There are also brown soils without any eluvial 
horizon ; in these the brown horizon appears to be the residue of the 
illuvial horizon of some ABC soil which is otherwise approximately 
neutral and behaves like the brown earths described in the previous 
paragraphs. Brown soils of this kind I would call “ secondary brown 
earths .’ 5 It should be noted that the truncated forest soils included 
in the hydrogen soil order resemble the “ secondary ” brown earths 
in respect of formation, though they are decidedly acid. 

Main Type 1 : Primary Brown Earths. 

Genetic Characteristics . — Although opinions on the exact characterisa- 
tion of true brown earths are extremely divergent and often contra- 
dictory, they nearly all agree on the external, and particularly the 
climatic, genetic factors — viz., that the zone of brown earths is virtually 
confined to the warmer regions of temperate humid climates, particu- 
larly where there is an alternation of very hot and dry, and very cold 
and wet seasons. Ramann himself explained the lack of a humus 
cover as due to the leaf litter strewn over the ground the previous 
year decomposing entirely during the hot summer season and 
preventing the formation of acid humus* Almost the same climato- 
logical demarcation is to be found in the works of Stremme*)* and 
Stebtjtt. J Glinka includes the brown earths among the degraded 
steppe soils, § though in my soil system these brown soils have been 
placed in the main type of degraded calcium soils. The main type 
now under discussion includes only those brown soils in the formation 
of which acid humus plays no part. 

Dynamic Characteristics. — According to Stebtjtt the dynamic 
system of the brown earths is not constant, but may easily turn in 
the direction of podsolisation or the formation of red earths. This 
may be seen in particular in the Balkans, where these three soil types 

* See Ramann, E. : u Bodenkunde ” (1911), pp. 533 and 585. 

f See Stbemme, E.: 44 Die Braunerden ” (Blanck’s 44 Handbook,” Yol. III., 

p. 160). 

x See Stebtjtt,' A. : 44 Lehrb. d. allg. Bodenkunde,” p. 439. 

§ See Glinka, K. : 44 Tiber d. sog. 4 Braunerden 5 ” (“ La f^dologie,” Yol. XIII., 
1911, pp. 17-48). 
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frequently adjoin. For podsolisation two things are necessary — 
sufficient humidity and the formation of acid humus. The latter is 
lacking in the case of brown earths, though a slight shifting of the 
weather conditions may induce its formation and thereby lead to 
podsolisation. The dynamics of red earths, on the contrary, depend 
upon the rapid upward and downward movements of the sesquioxides 
(in particular of Fe 2 0 3 ), which require a warmer and periodically 
drier climate than that which produces brown earths. A characteristic 
feature of the dynamics of brown earths is that, though the silicates 
decompose, the leaching of the bases prevents the formation of 
zeolites, while the free sesquioxides and the silica gels remain in the 
places of formation— the upper weathering layer — where they 
accumulate. 

This is illustrated most clearly in Ltjndblad’s three diagrams 



Depth in cm. 
Fig. 32. 


showing the inorganic colloids as determined by Tamm’s method 
(extraction with acidified NH 4 oxalate). Without entering into 
details, Fig. 32 shows the quantitative changes of the total inorganic 
colloids in the horizons at various depths in typical brown earths 
(straight line), degraded or degenerate brown earths (broken line) and 
typical podsol soils (dots and broken line) respectively.* 

From the data of the above figure it appears that the gels originating 
from the silicate weathering accumulate in the surface horizon— in 
other words, remain in the place of formation. From an investigation 
of Serbian brown earths Stebutt comes to a similar conclusion, f 
describing brown earths as soils in which the degree of silicate weather- 
ing is high, whereas the washing down into lower layers of sesquioxides 
and silica gels is only slight. No acid humus is formed, but the bases 
are leached out one by one. At a certain depth the leached CaC0 3 

* For details, c/. Rlanuk’s “ Handbuch,” VoL III., pp. 165-7. 
f See Stebutt: op. cit ., p. 442. 
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accumulates (carbonated horizon). In this respect, therefore, these 
brown earths resemble degraded steppe soils. According to Ramaxn 
another characteristic feature of brown earths is that, as the leaching 
is only of a limited character, the influence of the parent rock is able 
to assert itself. 

Chemical Characteristics. — Lundblad’s total chemical analyses 
show that there is slight podsolisation ; for there is some accumulation 
of total Si0 2 in the surface horizon and of sesquioxides in the lower 
horizons, as may be seen from Table LXXXVIII.* 


TABLE LXXXVIII 


1 

■ : ;j 

Mull 1 
(3-13 Cm.). 

Brown Earth. 

The Same Values, 
calculated to Water - 
and Humus-Free 

Soil. 

i 

Upper 

Part 

(15-32 Cm.). 

Lower 
Part (100- 
115 Cm.). 

A 

B 

C 

A 

B 

C 

HoO (hygroscopic) 

1*66 

1*00 

0*52 

— 

. — 

— 

H 2 0 (combined) 

0-83 

0*95 

0*67 

— 

— 

— 

Humus . . ! 

9-69 

3*96 

1*08 

— 

— 

— 

SiO s 

! 65*42 

70*00 

72*90 

76*18 

74-69 

75*18 

Ti0 2 . . 

0*53 

0*59 

0*55 

0*61 

0*63 

0*57 

A1 2 0 3 . . 

10*17 

11-97 

12*25 

12*60 

12*77 

12*65 

Fe 2 0 3 

2*51 

3*31 

3*18 

2*88 

3-53 

* 3*28 

CaO 

1*58 

1*41 

1*84 

1*82 

1*51 

1*90 

MgO . . 

I 0*09 

I 0*12 

0*15 

0*10 

0*13 

0*16 

K a O 

| 2*77 

3*19 

3*16 

| 3*18 

3*41 

3*26 

Na 2 0 

3*16 

i 3*12 

1 ■ 

1 2*88 

3*63 

3*33 

' 2*98 


The fluctuations of some characteristic constituents soluble in 
hydrochloric acid are compared with the corresponding data for 
podsols in Table LXXXIX. (data supplied by Stebutt). 

It will be seen that, whereas the hydrochloric extract — apart from 
the lower carbonated horizon — does not change materially in the 
several horizons of brown earths, in the podsol profile we find a con- 
siderable accumulation, in particular of A1 2 0 2 and Fe 2 0 3 , with depth. 

Physical Characteristics. — -These may vary considerably according 
to the character of the parent rock. In general, owing to the presence 
of the gels precipitated in the course of silicate weathering, the upper 
horizons show a tendency to form loam soils rich in iron. 

Morphological Characteristics. — In view r of the fact — stressed also 
by Stebutt — that owing to the causes already explained the dynamics 
of brown earths are apt to vary considerably, and since the soils 
occur in temperate regions of the most divergent geographical situa- 

* See Blanck’s “Handbuch,” Vol. III., p. 168. 
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TABLE LXXXIX 


Depth of Horizons. 

Brown Earth. 

Podsol. 

Soluble in 10 Per Cent. HC1. 

■ 

Per Gent . 

Per Gent. 

0-15 

20-87 

16-51 

15-30 


14-85 

30-45 

20-12 

23-11 

70-90 

22-79 

27-02 

105-120 

36-03 

— . 


Fe 2 0 3 Per Cent. Soluble in 10 Per Cent . HO. 

0-15 

2-40 

3-47 

15-30 


4-29 

30-45 

i 3-04 

6-01 

70-90 

3-84 

6-57 

105-120 

i 2-56 

— ' 


AI 2 0 3 Per Cent. Soluble in 10 Per Cent. HCl. 

1 

0-15 

10-92 

4-72 

15-30 

I ■ — 

5-27 

30-45 

12-10 

10-14 

70-90 

11-44 

11-02 

105-120 

11-36 

. — 


Total C0 2 Per Cent, of the Soil. 

0-15 

: 0-31 ' 

0-1 9 

15-30 

; — 

0-03 

30-45 

0-08 

0-12 

70-90 

1 0-43 

0-18 

105-120 

1 5-74 



tion and of very different geological origin, the descriptions of profiles 
available in soil science literature also var}^ considerably. The con- 
fusion is aggravated by the fact that the term brown earth is not 
always used by scientists to describe the same type.. We find de- 
scriptions of brown earth profiles, for instance, which mention a 
decided podsolic horizon,* though both Ramann and Stebutt cate- 
gorically emphasise that the peculiarly characteristic feature of brown 
earths is that they have no eluvial horizon , while the sesquioxides are 

* Ibid. 
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practically stationary* Those brown soils in the profiles of which 
we find an eluvial horizon must therefore be excluded from this main 
type and included in another type of my system. The profile of a 
brown earth really belonging to the main type may be described as 
follows : 

The surface horizon — usually marked as A — is more or less humous; 
but the humus is mild — so-called “ mull 55 (excrements of earthworms), 
while the humus cover often found in forest soils is usually lacking, or 
where it does exist is barely 1-2 cm. thick. The colour of these soils 
is either dark or light dirty brown, according to the amount of organic 
matter; but in some cases we find also darker, greyish-black shades. 
The surface horizon is usually crumbly and finely granular, though 
the edges of the granules are straight, and are therefore unlike the tiny 
crumbs of typical tshernosems. With increase of depth the surface 
horizon becomes coarser and coarser in structure and poorer and poorer 
in humus, passing imperceptibly into the brown horizon proper, known 
as the B horizon. The structure of the latter is polygonal and much 
heavier than the surface horizon — a feature due to the absence of both 
humus and CaC0 3 . At the depth at which CaC0 3 occurs, the soil 
becomes more crumbly and its structure looser. In the carbonated 
horizon the lime concretions often accumulate in layers, but where 
the parent rock was free of lime this horizon is naturally absent. 
Since the original parent material exercises a paramount influence on 
the development of the type, it goes without saying that morpho- 
logically also brown earths may vary widely. The essential thing, 
however, is that here the surface horizon itself is really the accumulation 
horizon of soluble sesquioxides — i.e., the B horizon — the upper part of 
winch may be dirty brown (influence of humus) or even darker, but 
does not represent a true eluvial horizon , the result being that we do 
not find any lower illuvial horizon either. For that reason, in my 
opinion, these soils might be designated as BG soils , in which the B 
horizon may be divided into several sub-horizons (B p B 2 , B 3 ). Since 
the nature of these soils is very powerfully influenced by the nature 
of the parent rock, it is advisable to indicate the latter in describing 
the subsoil (horizon C).f The deductions drawn by Ramann from 
the experience and researches of years are very valuable, not only for 
determining brown earths, but also all young residual soils in which 
type characters are not yet fully developed. As in these cases the 
biological properties of the soil are also regulated by the nature of 
the parent rock, I shall deal with the effects due to the differences of 
parent material when discussing the biological characteristics. 

Biological Characteristics. — Since the characteristic feature of the 
dynamics of brown earths is that the degree of leaching and accumula- 
tion is very slight, it is the mineral composition of the parent rock 
that determines the richness of the soil in plant food and also all other 

* See Ramann, E. : “ Bodenkunde,” p. 585; and Stebutt, A.: op. cit ., p. 437. 

t See Ram ann, E.: “Bodenkunde ” (1911), pp. 587-600. 
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phenomena connected with its biological characteristics. Ramann* 
has summarised the influence of the parent material as follows : 

(1) The main product of chemical weathering is a clay rich in iron. 

(2) The composition of the soil may be determined from the nature 
and weathering of the rock-forming minerals. 

(3) Parent rocks rich in silicates generally do not weather so easily 
as those poor in silicates. 

(4) The lime content materially influences the chemical composition, 
physical properties and humus content of the soil. The humus content 
is usually less in lime-rich than in lime-poor soils. 

(5) The weathering of crystalline rocks may be materially modified 
by the structure of the rocks. In general those with coarse structures 
weather most rapidly. 

(6) In close regions or close geological formations the soils follow 
the nature of the parent rocks. In these cases the soil might justly 
be called by the name of its parent material — e.g., sandstone or lime- 
stone soils, etc. 

(7) Weathering usually produces very characteristic forms on the 
different rocks. Granite and gneiss, for instance, generally form 
rounded hillocks, eruptive rocks form cones and limestone plateaus 
with precipitous escarpments. We are therefore very often able to 
guess the nature of the parent rocks and of the soils formed therefrom 
from the shape of hills. 

Since brown earths in the natural state are under forests — forming 
in particular under deciduous forests — it is only natural that their 
richness in plant food, combined with their physical structure and 
their general water regime, is an important factor determining the 
forest vegetation and indirectly also the development of the soil 
itself. Granite and gneiss soils, for instance, are according to Ramann 
so-called “ medium soils, 55 which favour the growth in particular of 
conifers and possibly of beeches; they are rich in potash, fairly rich 
in phosphoric acid, but usually poor in lime. The organic material 
decomposes quite quickly in warmer regions, though in cooler regions 
it accumulates and may produce raw humus and podsolisation. It is 
well known that diabase soils are rich in plant foods and form clay 
soils rich in iron, which are very suitable for the growth of valuable 
trees. The same is true of gabbro soils. A peculiarity of trachite 
soils — in particular of quartz -trachites (rhyolites) is that, whereas 
the parent rock breaks up easily into coarse and fine sand, the chemical 
weathering is a slow process, so that very little silt and clay are formed : 
these soils dry easily and do not retain water. On the other hand, 
andesite, which is a quartz-free trachite, weathers quickly and produces 
a soil of good physical quality. Basalts weather fairly readily and 
usually produce gravelly clay soils, while on mountain slopes very often 
all that remains is a stony soil. The surface of the stones weathers, 

* See Ramann: op. ciL, pp. 386-7. 
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becoming yellow or reddish-brown. This soil is usually, rich in plant 
foods and, though gravelly, is favourable to the growth of more 
pretentious forest vegetation. 

Pure limestones, on the other hand, produce forest soils of very poor 
quality, as they yield very little fine earth, but plenty of gravel, and 
water percolates rapidly through the cracks in the limestone, the soil 
above it consequently drying up. What is left after the weathering 
of clayey limestones is usually a heavy clay soil, as the CaC0 3 is 
completely dissolved. The limestone forming the subsoil behaves 
like a natural drainage system and soon drains off the surplus water. 
These soils are therefore suitable for the growth of deciduous trees 
but less suitable for conifers; and where for any reason the trees die 
out, the soil which in winter soon becomes wet and in summer dries 
up rapidly, favours even steppe vegetation. In the case of sand- 
stones the rapidity of the weathering and the quality of the resulting 
soil depend upon the nature of the binding material. The quality 
of the soils formed from the various kinds of sands depends upon their 
mineral composition. 

The above illustrations naturally apply only to cases in which the 
influence of the external soil-forming factors is as small as it is in the 
case of brown earths. In the case of a typical podsol or tshernosem, 
on the other hand, the influence of the parent rock is quite subordinate. 

Stage V. : Sub-Types of Primary Brown Earths. 

From what has been said above we should conclude that it is best 
to group the brown earths according to parent rock. Such a method 
would indeed seem suitable for differentiating local varieties. For 
the present we can divide the brown earths into the following sub- 
types: 

(1) Sub-Type 1. 

Brown earth rich in humus, with a greyish-black surface horizon, 
but without eluvial horizon and with a lime-free subsoil. 

(2) Sub-Type 2. 

Brown earth, the surface layer of which is already brown or rather 
dirty brown, the subsoil being lime-free. 

(3) Sub-Type 3. 

Brown earth with carbonated subsoil. The lime may be found as 
high as the lower parts of the B horizon. 

Stage VI. : Local Varieties. 

Here too — as explained above — special attention should be given to 
the petrographic and general geological conditions. 
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Main Type 2 : ! Secondary Brown Earths. 

This soil type is really the truncated residue of erosion. In principle 
this category might include all soils which originally contained a brown 
or dirty-brown accumulation horizon, but which, as the result of 
erosion or wind action, lost their A horizon and are approximately 
neutral. Practically, they may be regarded chiefly as residues of 
former brown forest soils. So far little has been done in the way of 
description or investigation of secondary brown earths, and I cannot 
discuss them in detail. However, types of this kind do undoubtedly 
exist, and a place must be found for them in my soil system. In 
their original condition they belonged rather to the order of hydrogen 
soils, but since in their B horizons brown forest soils are also 
approximately neutral, the soil left behind after the erosion of the 
acid A horizon behaves like the primary true brown earths. 

Soil Order 14 : Red Earths. 

The term £C red earth 55 is as common as the popular appellation of 
the foregoing soil order; and before dealing with the main types of 
red earths 1 would like to define exactly the interpretation given in* 
my soil system to that term. Blanck* describes many different 
theories relating to the cc red earths ” of the Mediterranean and then 
defines the formation of red earth as simply a phenomenon of colloidal 
chemistry, assuming that the mobile humus dissolves the iron-hydroxide 
gels, which are subsequently precipitated by lime in the form of red 
gels. A sine qua non of the formation of these earths is therefore 
the formation of humus sols in the surface layer and the occurrence 
of lime in the subsoil only. Reieenberg, however, points outf that 
there is no need to assume a peptising effect of humus sols, as the 
silicic acid itself, which contains latent alkali and has still a slightly 
acid reaction, peptises the iron -hydroxide gels. The iron oxide thus 
mobilised precipitates only in the presence of a higher electrolyte 
concentration, such as obtains during the migration upwards to the 
surface. Thus, according to Blanck ’s theory iron migrates downwards 
under the protection of humus sols, while according to Reifeneerg 
just the contrary happens, the iron precipitating during migration 
upwards. 

Stebutt,J availing himself of the data supplied by Reifesnrerg’s 
investigations, regards the formation of red earths as a transition 
stage between that of brown earths and of latent es. In his opinion 
the difference dynamically between the three soil orders is that, while 

* See Blanck, E.: “ Die Mediterran. Roterde (Terra Rossa),” in Blanck’s 
“ Handbuch d. Bodenlehre Vol. III., pp. 199-230. . 

f See Reieenberg, A.: Ztschr. Pflanz. Diing. Bodk., Part A, Vol. X. 
(1927-8), p. 183. 

% See Stebutt, A. : “ Lehrbueli d. alig. Bodenkunde,” p. 445. 
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in brown earths the end-products of silicate decomposition induced 
by carbonic-acid weathering are stable, in red earths and laterites 
the silicates decompose during the wet season and the decomposition 
products move downwards under the protection of silicic acid gels in 
a slightly alkaline medium and then in the dry season re -migrate 
upwards. Now, if a sufficient quantity of lime is present, it not only 
precipitates the Si0 2 , A1 2 0 3 and Fe 2 0 3 complex gels, but also prevents 
the complexes breaking up into their constituent parts. According 
to Stebutt, this is the genesis of red earths. In the case of laterites 
there is a lack of lime and in the constantly warm but alternately 
dry and wet periods the complex gels that have moved downwards 
always re-migrate upwards into the upper horizon, where, owing to 
the lack of lime and to the action of the high temperature and humidity, 
they break up into simpler gels ; of the latter the A1 2 0 3 and the Fe 2 0 3 
soon precipitate, -while the more stable Si0 2 sols are washed down 
again, the upper horizon becoming gradually more and more allitic. 
Thus in the first phase of formation there is no difference between 
laterites and red earths ; it is only in the second phase that they deviate 
from one another, the deviation being due primarily to the lime con- 
tent of the red earths, though partly, also, to the effect of the wet and 
cold winter climate. 

Del Villar connects the formation of the red earth of Spain with 
that of rendzinas.* Endorsing Reifenb erg’s theory of the migra- 
tion of the Si0 2 and Fe 2 0 3 complex colloids, he declares that the 
“ terra rossa ” is a direct derivative of rendzinas. Where the original 
forest vegetation is found — according to del Villar — we find a 
rendzina, whereas where the forest has been destroyed and the land 
subjected to cultivation, the humus layer gradually disappears and 
a typical red earth develops. Stebutt also compares rendzinas and 
red earths,*)* and declares that while in the podsolic zone the presence 
of lime leads to the formation of rendzinas, in the laterite zone lime 
prevents the formation of laterites. On the other hand, in the Medi- 
terranean zone — according to Stebutt — a limestone bed produces a 
red earth, and a lime-free rock a podsolic soil. 

Investigation of the rendzina and red-earth profiles studied by 
del VillarJ shows that, chemically, both are typical calcium soils. 
Despite the studies made so far, we are not yet sufficiently familiar 
with all the factors contributing to the formation of red earth. Here 
too, as in the case of brown earths, the red colour of the soil has sug- 
gested the identification of soils of very different genetics and dynamics. 
The only infallible basis of differentiation from laterites is the ratio 
Si0 2 : A1 2 0 3 in the hydrochloric extract, which in the case of laterites 
is less than 2:1. The other basis of differentiation referred to by 
Stebutt — viz., that red earths are produced chiefly on limestone, 

* See del Villar, E. H. : “ Les sols medi terraneous,” etc. (1930), p. 210. 

f See Stebutt, A.: op. cit., p. 449. 

t See del Villar: op. cit., pp. 152-63. 
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while laterites are formed out of lime-free rocks — is not always valid, 
because we know of red earths, too, which are lime-free. 'Another 
possible basis of differentiation between red earths and laterites is 
that the latter are very poor in bases, wiiile the red earths are not so. 

In view of all these points we must, when determining the various 
types of red earths, bear in mind that many questions still remain 
unanswered, the clarifying of which may modify the classification 
given below, and may possibly involve the differentiation of an entirely 
new type. 

Main Type i : Mediterranean Terra Rossa. 

Genetic Characteristics . — The climate of the Mediterranean littoral 
might be described briefly as an alternation of a mild but humid 
winter and a constantly warm and dry summer period. This results 
in the soil solutions migrating downwards in the humid temperate 
period and to a certain extent leaching out the soil salts. CaCO :{ is 
also largely leached out; and during the humid season the sesquioxides 
undoubtedly, and the silicic acid and humus possibly, migrate down- 
wards. According to Blanck’s theory, however, the moment the 
sesquioxides, etc., reach the lime horizon precipitation begins. This 
certainly cannot happen unless unsaturated humus is formed in the 
surface horizon, for otherwise the humus is stable and does not move 
in the profile. This may actually be the case in the regions investi- 
gated by Blanck, but in the Spanish red earths, which del Villak 
declares to have been formed from rendzinas, the humus is saturated 
with calcium, so that the only possible explanation of the migration 
of iron seems to be that offered by Reieenberg’s theory. This theory 
enables us at the same time to explain the upward migration of 
Fe 2 0 3 and Si0 2 — in harmony with the idea expressed, for instance, 
by Stebittt. According to that idea what is needed for the formation 
of both red earths and laterites is that w r et periods should be followed 
by dry periods. Now this is the case with the Mediterranean climate. 
The alternation of w^et and dry periods is necessary for the formation 
of red earths, in order that the decomposition products — in particular 
the Fe-Si dispersion — that sink to the lower horizons in the wet, warm 
season can migrate to the upper horizons during the dry summer 
and subsequently precipitate. The complex brought upwards and 
precipitated in the upper horizons does not decompose during the wet 
winter period — as it would, for instance, in the much warmer laterite 
zone — but remains stable, since the cooler temperature of whiter 
does not encourage decomposition of the complex, while the Ca ions 
present in the soil prevent hydrolysis.* According to Stebittt, 
therefore, Ca ions are needed for the formation of red earth, besides 
Mediterranean climatic conditions. Del Villar’s description and 
the analytical data of Spanish soils show clearly that w here the parent 
rock was free of lime, under similar conditions, what he calls “ xero- 
* See Stebutt: op. cit., p. 451. 
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siallite 55 soils have been formed, which under our system must be 
included as a sub-type of the forest soil type. This fact supports the 
hypothesis that in the present Mediterranean climate red earths can be 
formed only from parent rocks rich in lime. However, certain results 
of investigation justify us in presuming that red earth not yet developed 
into a laterite may form also from lime -free parent rocks. We shall 
deal with this question when discussing the main type Relict Red 
Earths. 

Dynamic Characteristics . — In addition to the energetic leaching out 
of the alkali salts the abundance of Ca cations in the soil prevents 
the decomposition of the Fe-Si dispersions and increases their stability. 
There is therefore an alternation of energetic leaching in the wet season 
and a rising of the soil solutions in the dry season, the red Fe-Si dis- 
persions remaining in the upper horizons. 

Chemical Characteristics. — In Blanck’s “ Handbook ”* and in the 
other works by him there are very many chemical analyses of red 
earths which do not, however, refer to the whole profile, but only 
to the red-earth horizons proper. Consequently these analyses 
are not entirely satisfactory from the point of view of soil genetics 
and dynamics, for the data do not enable us to decide whether the 
accumulation of sesquioxides — particularly of Fe 2 0 3 — is due to 
leaching downwards or infiltration upwards. 

Table XC. shows the figures of the hydrochloric extract of the entire 
profiles of a few Spanish red earths. 

Hc-2 is the profile of a red earth which owes its dark-red colour 
to the presence not only of ferric oxide, but also of a considerable 
quantity of organic matter; wdiile Pa-7 and Va-3 are of a brighter red 
colour and contain less humus. As we see, the ratio of SiO a : A1 2 0 3 is 
in all cases greater than 2. 



He -2. 

Pa-7. 

Va-3. 

Horizon I. 

.. 2*41 

2*17 

3*01 

„ 11. 

. . 2-76 

3*70 

3*09 

„ III. . . 

.. 2-90 

— 

3*07 

„ iv. . . 

. . 5*47 

_ 

2-91 


The above data show that these are not allites, though that does 
not mean that we may not find small quantities of free sesquioxides 
and also free Si0 2 . There are no signs of leaching down of Fe 2 0 3 , the 
maximum values being in the surface horizons. However, not only 
the Fe 2 0 3 , but also the soluble A1 2 0 3 and Si0 2 , accumulate in the surface 
horizon, the data thus supporting Stebittt’s theory. The total 
organic-matter contents and the pH values determined by del 
Villar are given in Table XCI. 

Though not excessive, the quantity of organic matter present is 
fully sufficient to act as the source of the constant C0 2 suggested by 
Stebutt’s theory and therefore to promote the decomposition of 

* See Blanck, E. : “ Kandbueh d. Bodenlehre,” Vol. III., pp. 233-46. 
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silicates. The humus is, however, saturated — a circumstance suggested 
by the pH value being more than 7 and proved beyond a doubt by 
the composition of the absorbing complex of He- 2 and Va-3, as shown 
by Table XCIL 

From this table and from Table XCIII. (showing the composition 
of the water extracts expressed in percentage equivalents) we see that 
Ca is the predominant base and that the humus-zeolite complex must 
be stable, as it is in rendzinas and tshernosems. 

These data suggest that we should include the Spanish red earths 
among the calcium soils, as del Villab actually does, and as we 
have done with rendzinas. From the same data it appears that 
the chemical characteristics of the rendzinas and the Spanish red 
earths coincide so closely that the only difference between these two 
types is in the amount of organic matter, there being naturally much 
more in rendzinas. It may be also that , while in colder climates rendzinas 
in time are degraded into hydrogen soils , in wanner climates they change 
into brown or red earths. 

Physical Characteristics .—A characteristic feature of red earths is 
that they are in general heavy — indeed, exceptionally heavy — soils, 
a circumstance explicable by the mere fact that the colloidal decom- 
position products accumulate in the upper horizons. 

Red earths in general show a high degree of hygroscopieity, a 
phenomenon which explains other characteristic physical properties of 
these soils. We here give the data compiled by Blanck and Pinner:* 

Hygroscopieity (determined by 
Mitsckerlich ? s M ethod ) . 


Abbazia: subsoil . . . . . . . . . . 16-3 

Cigale 109 

Montborron .. .. .. .. .. 11*1 

St. Margerithe . . . . . . . . . . 13*6 

St. Causian . . . . . . . . . . 17*2 

Banjani (Montenegro) . . . . . . . . 1008 

Podgorica (Montenegro) .. .. .. ., 12*48 


We can thus understand why, as LniNiNGENf says, when a red 
earth is thoroughly dried up, a slight rain has little effect on it. Owing 
to the high colloid content the soil’s hygroscopic capacity is also high, 
and plants are unable to take up hygroscopic water from the soil. 
It is also owing to their high colloid content that red earths are im- 
permeable. Desiccated red earths shrink considerably and form deep 
cracks, breaking up into irregular clods with a greasy and shiny surface, 
probably caused by the surfaces of the soil particles being coated with 
ferruginous colloids. 

Morphological Characteristics. — Scientists differ as to what is the 
true profile of red earth, for in very many eases red earths fill up 

* See Blanck’s ■“ Handbuch,” Vol. III., p. 231. 

f See Leiningen, W. : Naturwiss. Z. Forst- u. Landwesen, 1918, No. 9. 
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the hollows and clefts of limestone rocks and mountains, thus proving 
that they are not residuary soils. The full profile of the Spanish 
red earths discussed above may, however, be described as follows: 
upper horizon containing more or less humus, but in other respects 
similar to the red horizon below it. In most cases, however, in the 
soils commonly known as red earths there is no upper humus horizon, 
the red horizon coming to the surface. This latter horizon is, in re- 
spect of Fe 2 0 3 , an accumulation horizon and of illuvial origin, whether 
the iron is accumulated from below or from the eroded upper horizon ; 
in any case it may be marked as B horizon. It usually rests immedi- 
ately above the C horizon — the subsoil or raw parent rock itself. We 
may therefore call these soils BC soils — as we called the brown earths. 

Biological Characteristics . — The luxuriant vegetation of the red 
earths found on the shores of the Adriatic, or on the Italian or French 
Riviera, proves that these soils, even though they frequently lack 
humus and nitrogen, cannot in general be described as poor. Tins 
is the opinion expressed by Blanck on the basis of his investigations 
of the plant-food content of red earths, though he adds that certain 
red earths are poor in lime.* 

Until we obtain more exact knowledge of the genetics and dynamics 
of red earths, it would be premature to attempt any subdivision of 
this main type. We shall therefore omit Stages V. and VI. 


Main Type 2 : Relict Red Earths. 

Genetic Characteristics . — The relict red earths of the Tokay district 
(Hungary) also resemble the Mediterranean “ terra rossa 55 in external 
appearance. On the basis of BALLENEGGER’sf investigations we may 
explain their formation as follows: the original red earth was formed 
in the Miocene Age out of rhyolite eruptions and their tuffs under 
climatic conditions resembling those of the Mediterranean zone today. 
It was later covered in many places by loess, subsequently carried 
away by erosion, the sticky and more durable “ nyirok 55 remaining. 
This latter has been subjected during the present age to various 
changes. The present climate of North Hungary is very extreme, as 
it lies on the boundary between the dry and the wet regions. 

Dynamic Characteristics . — These red earths were not formed under 
present-day climatic conditions and are absolutely lime-free. With- 
out the protective influence of lime, in regions subjected to continuous 
humidity, they very soon show signs of eluviation. In hilly districts, 
where agriculture and viticulture are practised, the dry climate is 
able to assert itself, preserving both the red colour and the type of 
the soil. 

* See Blanck’s “ Handbuch,” Vol. III., p. 254. 

| See B allen E gg er, R. : Foldtani Kozlony, Vol. XL VII. (1917), pp. 1 
and 20. 
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Chemical Characteristics . — In Table XCIV. I give the total chemical 
analysis of the red “ nyirok 35 soil of Mad in the Tokay district, of the 
clayey and sandy parts and of the rhyolite and the rhyolite tuff from 
which the soil has been formed. 


TABLE XCIV 



Nyirok Soil . 

i Rhyolite 
Fuff 
(Mad) 
(%), 

Rhyolite 

Rock 

(Pdlhdza) 

(%)• 

i 

Soil 

(%). 

Clay 

Fractions 

(%)* 

Sand 
and Silt 
Fractions 
(%)• 

Si0 2 

63-87 

48-13 

74-88 

70-19 

75-29 

Al t O, 

14-78 

20-41 

10-93 

11-86 

13-42 

Fe 2 0 3 

5*08 

9-72 

2-91 

0-96 

1*03 

FeO 

_ — ■ 

- — 

— 

0-37 

0-62 

MgO 

1*23 

1-95 

0-74 

0-39 

— 

CaO 

0-82 

. — 

1*39 

2-78 

1-16 

Na a O 

1-00 

0-27 

1*51 

1*39 

3*37 

K 2 0 

2*31 

2-54 

2-15 

3-58 

3*65 

Loss on ignition . . 

4-29 

7-67 

1-95 

5-72 

1*25 

H 2 0 (105° C.) 

4-48 

8-01 

2-05 

2-78 

__ 

TiOo 

0-49 

0-41 

0-54 

0-07 

1 — 

PA 

0-08 

0-10 

0-07 

0-03 

— 

MnO 

0-07 

0-02 

0-10 

0-04 

— 

Humus 

0*98 

1-31 

0-77 

■ — 

— 

Total 

100-08 

100-54 

99-99 

100-16 

99-77 


It will be seen that the chemical composition of the partially 
weathered soil fraction (column 4) is very similar to that of the rhyolite 
and rhyolite tuff. 

The same result is given by the mineralogical analysis too. More- 
over, the mineral particles of the sandy part of the soils are angular, 
fresh, without any trace of wear, showing that the “ nyirok 55 soil 
is a residual soil formed from the rhyolite below if. 

When we compare the chemical composition of the soil (column 2) 
with that of the rhyolite or the rhyolite tuff (columns 6 and 5 re- 
spectively), we are at once struck with the enormous decrease of 
silicic acid and the noteworthy increase of the sesquioxides. This is 
even more striking in the clayey part (column 3). It is clear, therefore, 
that silica has been leached out far more intensively than sesquioxides. 
It is possible, indeed, that the lack of lime in itself leads to silicate 
decomposition, and as the leaching is about the same as in laterisation, 
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the ££ nyirok ” soils might possibly he regarded as relict soils of later.it es 
and not of ££ terra rossa.” 

Physical Characteristics . — The “ nyirok ” soils are very heavy soils 
which are difficult to cultivate, as shown by the figures for the 
mechanical composition given in Table CXV.* 


TABLE XCV 


Name and Depth of Soil 
(Cm . ). 

2*0 0*2 
Mm. 

■ 

0*2-0*02 

Mm, 

0-02-0*002 

Mm, 

<0-002 

Mm. 

Mad 

0-15 

2*3 

31*1 

25*7 

40*9 

C 

3-20 

j 3*7 

32*9 

26*5 

36*9 

Magyarad . . - 

20-60 

1 2*9 

29*6 

23*7 

43*8 

1 

60-100 

; 3*6 

33*6 

j 

25*3 

37*5 


The silt and clay combined amount to more than 60 per cent, of 
the soil, indicating that it is very highly dispersed. In the Magyarad 
profile there are certain traces of mechanical illuviation (in the 20-60 cm. 
horizon). 

The £e nyirok 75 soils belong to the category of heavy clay soils; 
according to Ballenegger’s data their plasticity values are as follows ; 

Limit of Plasticity . 

, ' , Plasticity 

Cm. Upper. Lower. Number. 

Mad 0-15 44*5 2M 23-4 

Magyarad . . . , 0-20 36-1 19-3 16-8 

Morphological Characteristics. — As stated by Ballenegger, the 
profile of a e£ nyirok ” soil varies according to the prevailing external 
circumstances. Thus we find bare C£ nyirok ” (B0 soil), ‘ £ nyirok ” 
with humus cover (ABC soil), and ££ nyirok ” with eluviatiori horizon — 
i.e., degraded ££ nyirok ” (A v A 2 , BC soil). Sometimes, also, ££ nyirok” 
soil is buried under loess. 

Biological Characteristics. — ££ Nyirok 55 soils lack chiefly lime and 
humus. In other respects they are excellent for viticulture. 

We are not yet sufficiently familiar with the sub-types and local 
varieties to attempt their classification. 

Soil Order 15 : Yellow Earths. 

As soil science stands today, the term ££ yellow earth ” is still very 
undefined, probably due to the fact (already mentioned) that the 
classification of soils by colour leads to the inclusion in one and the 

* See Ballenegger, R. : “ Magyarorszagi. talajtipusok mechanikai vizsga- 
latanak ismertetese ” (Foldt. Int., 1915 Report), p. 12. 
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same category of soils differing in their nature, in their origin and in 
their dynamics. The indefiniteness is also due partly to our very 
deficient knowledge of the genetics and dynamics of the typical yellow 
earths. The name is supposed by some to have been derived from 
the yellow clay or loam of which the soil is largely composed. This 
soil order has been most exhaustively studied recently by Harrasso- 
witz,* who divides the yellow earths into three groups, some being 
related to the siallites and others to the allites. As we have already 
seen, the red earths also constitute a kind of transition stage, so that 
in this respect the yellow earths run practically parallel to the red 
earths. We hear, also, of fossil or relict yellow earths. In many 
cases the humus cover of yellow earths has obviously fallen a victim 
to erosion, analogously to what happens in both brown and red earths. 
Stebutt points outf that, as suggested by Reieenberg’s experiments, 
FeO in combination with silicic acid salts produces yellow solutions, 
and that the various hydrates of Fe 2 0 3 all vary in colour, those contain- 
ing less water being red, while the more hydrated oxides are yellow 
or brown. Hakrassowitz also points out that the yellow colour of 
the soil in the Ostwald chromatic scale is sometimes not yellow, but 
vivid red (Kress No. 13), though to the eye it looks yellowish. 

All these phenomena justify our describing yellow earths as a soil 
order related to the red and brown earths ; and though we frequently 
find a humous horizon above the yellow layer, the character of the soil 
is not determined by the humus but by the yellow horizon. 

The knowledge we possess does not justify our speaking of a definite 
type, still less of discussing the type characteristics. I shall therefore 
confine myself to summarising briefly the most important points 
known to us. 

So far we have no real knowledge of the role played by the humus. 
According to Glinka and Ramann the yellow earths are generally 
poor in humus, but it would appear that in this respect the yellow 
earths resemble the brown and red earths; for as often as not the 
humus cover is entirely lacking. We cannot yet decide whether the 
absence of a humus cover is due to erosion, or indeed whether a humus 
cover is absolutely necessary for the development of yellow earths. 

These earths are found in all kinds of climates. They are found 
as far north as Bavaria and the Black Forest, and they occur also in 
Southern Switzerland, in South France, in North and South Italy, 
and even in Java and Japan. Yellow earths are found, therefore, 
from the temperate $one to the sub-tropics and even the tropics them- 
selves. According to Hakrassowitz the features common to them 
all are the migration of Fe 2 0 3 , A1 2 0 3 and Si0 2 , and the presence of 
a siallite complex. Hakrassowitz differentiates three stages: 

(1) In those found in southern districts (near Lugano and in Grau- 
biinten, Switzerland) the Si0 2 : A1 2 0 3 ratio is less than 2. 

* See Blanches “ Handbuch,” Vol. HI., pp. 182-93. 
t See Stebutt, A.: “ Lehrb. d. allg. Bodenlehre,” pp. 453-555. 
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(2) In those found in the northern districts (Bavaria and Baden) the 
Si0 2 : A1 2 0 3 ratio ranges from 2 to 3. 

(3) Where these earths have been formed from loess-like loam, the 
ratio is more than 3. 

In general, however, we find in every case an intensive leaching of 
silica and bases, as compared with the parent material, and also an 
accumulation of sesquioxides. In this respect, therefore, the yellow 
earths resemble the red earths and differ from the podsolic formations. 

For the detailed chemical composition the reader is referred to 
Hakrassowitz’s summary.* STEBUTTf also gives Gedroiz’s data 
relating to the exchangeable bases and the free A1 2 0 3 content of a 
yellow-earth profile from Java. These show that— apart from the 
surface humous layer— the Java yellow earth is highly allitic in character 
and therefore contains only very little exchangeable Ca and Mg. 

Soil Order 16 : Pure Allites 
(Main Type : Common Laterites). 

Genetic Characteristics . — The term “ laterite ” was first used (1807) 
by Buchanan, who gave this name to the brick-coloured earth occur- 
ring in India suitable for making air-dried bricks. J Since then a 
very rich literature dealing with laterites has been produced, due 
not only to the extremely interesting character of these formations, 
but also to their being the most characteristic formations of the tropics. 
Here, too, colour has failed to prove a trustworthy guide. For, as we 
have seen, some red earths resemble laterites, while there are laterites 
which are not red. The red colour of laterites is due to their Fe 2 0 3 
content ; but the formation of laterites is characterised by the fact that i 
during the weathering of the silicates the Si0 2 is almost entirely — in some 
cases completely — leached out, while the sesquioxides remain and some - 
times are actually accumulated from elsewhere. Where the parent rock 
contained, in addition to A1 2 0 3 , also iron compounds, the allitic soil 
formed takes on a red colour; but where there was originally scarcely 
any iron in the parent rock, the allitic soil formed is not red, but has 
a greyish colour resembling that of bauxite. Some scientists call 
these allitic soils <£ bauxite-laterites.” We have placed these soils in 
Soil Order 18, including in Soil Orders 16 and 17 laterites which 
contain, besides A1 2 0 3 , sufficient Fe 2 0 3 to colour the soil red. 

Although there is not yet any unanimous opinion respecting the 
formation of laterites, scientists agree that the essential thing about 
laterisation is that the Al % O z contained in the original aluminosilicates 
separates entirely from the SiO % , which is leached out , while the Al 2 0 z 

* See Blanch’ s “ Handbuch,” Vol. III., p. 191. , 

t See Stebtjtt : op. cit., p. 454. 

\ See Buchanan, H. : “ Journey from Madras through Mysore, Canara and 
Malabar,” Vol. II. (1807), p. 440. ‘ 
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remains as insoluble tri- or mono-hydrate* The behaviour of Fe 2 0 3 
is much the same. Harrassowitz, who in recent times has dealt 
most exhaustively with laterites, supposes allitic soil to be formed 
by laterisation not being confined to the upper horizons but, as a 
consequence of the excessive warmth and abundant rainfall of the 
tropics influencing the transformation of the parent rock to a con- 
siderable depth, extending in many places to 50-60 metres. In the 
upper horizons, as a result of the intense decomposition of silicates, 
the bases are first leached out almost entirely. Bub R® silicate weather- 
ing is in evidence even at depths of 50-60 metres, on their way down- 
wards the soil solutions rich in bases dissolve more SiG 2 than sesqui- 
oxides. Hence, immediately above the parent rock there is formed 
an allitic layer which, while it retains the structure of the original 
minerals, is found to contain only sesquioxides unaccompanied by 
silicic acid. This zone — which in German is called Zersatzzone and 
in French zone de depart (Lacroix) — Harrassowitz defines simply 
as the residue of silicate weathering and leaching in cm alkaline medium , 
a definition supported by the fact that the quartz, which resists both 
weathering and leaching, also accumulates in this zone of decomposition. 
In the case of laterite formation, however, in the dry season following 
the wet season the solutions migrate upwards, forming an accumulation 
zone (. Fleckenzone ) which contains considerably less quartz than the zone 
of decomposition . In the case of laterites formed from granite, for 
instance, the only w*ay to explain the small amount of total silicic 
acid (4-61 per cent.), determined by fusion, is that the amount of 
quartz originally present has been diluted by sesquioxides precipitated 
from the upw r ard-moving solutions. In the profile from Ettakot 
(India) quoted by Harrassowitz, only 0*43 per cent, quartz (Si0 2 
insoluble in concentrated sulphuric acid) was found in the accumula- 
tion zone, whereas the proportion present in the allitic zone of de- 
composition was 26-10 per cent.*]* The fact' that the cpiartz in the 
accumulation horizon apparently shows so considerable a decrease 
denotes the accumulation of sesquioxides. Sometimes w r e find above 
the accumulation zone an iron-ore zone, which in many cases is rich 
enough to be worth mining. Many designate the true laterite horizon 
merely as a leached-out residue. This is, however, not compatible 
with Harrassowitz’s theory, which coincides with the view expressed 
by Stebutt — viz., that the accumulation of sesquioxides derives from, 
below and is not , as Glinka, Gedroiz and others believe, simply a 
residue of leaching down. The only difference between the respective 
theories of Stebutt and Harrassowitz is that the latter assumes 
that the small amount of unsaturated humus formed transitionally under 
the forest vegetation of laterites acts as a protective colloid during the 
migration of the sesquioxides, whereas Stebutt attributes that role 
to the SiO .^-complex gels. Both explanations are plausible, and only 

* See Blanch’s “ Handbuch,” Vol. III., pp. 395-7. 

t Ibid ., p. 413. 
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•future research will be able to decide which of the two is more 
correct. 

As in the case of red earths, it is essential for the formation of laterites 
that there should be an alternation of dry and wet periods. What 
forms first is really a temporary siallite zone (in the so-called accumula- 
tion horizon) which later transforms into the surface lateritic zone. 
In other words, not all humid tropical soils or tropical red earths 
are laterites, which can be formed only where there is an alternation 
of dry and wet seasons. Sometimes those earths are only siallitic later- 
ites or simply sands coated with an iron crust. The latter are really 
not autochthonous formations, but the residues of peaty or swampy 
waters — e.g., the iron ores of savannahs. 

Dynamic Characteristics . — What has been said above makes it 
necessary to divide the dynamic phenomena prevailing in common 
laterites into two groups — the stages of leaching and of accumulation 
respectively. During the w r et and hot season there is a prevalence of 
silicate weathering and of leaching down. This leads to an almost 
complete removal of bases generally and to so intensive a leaching of 
silica that the Si0 2 : A1 2 0 3 sinks far below 2. In the dry periods, under 
the protection of the humus or Si0 2 sols, in a slightly acid, medium 
(rich in C0 2 ) the sesquioxides migrate upwards and if they reach the 
surface precipitate and accumulate as a ferruginous crust. This 
accumulation may be on such a scale that all plants die off and the 
soil becomes transformed into a dead rock. 

Chemical Characteristics . — For the chemical characterisation of 
laterites we must first determine the quantities of aluminium, iron, 
titanium, silicic acid and humidity, treating the hydrate water (by 
drying at a temperature of over 100° C.) as a separate item. In true 
laterites the other constituents are usually present in negligible quanti- 
ties only ; indeed, there is frequently a complete lack of alkalies and 
alkaline earths. The most characteristic feature is in any case the 
Si0 2 : A1 2 0 3 ratio {Ki value) and the ba value, 

CaO + Na 2 0 + K 2 0, 

ALA 

for these values determine the degree of lateritic leaching. In the 
above formulae the quantities given are naturally not pereentual but 
molecular. 

American soil scientists — e.g., Bennett* — give also the SiO a : 
Al 2 0 3 +Fe 2 0 3 . This ratio Habrassowitz designates as Sq ; though 
from the point of view of characterisation he considers it superfluous, 
because the sesquioxides — with but few exceptions— as a rule move 
parallel during weathering and leaching. It is, however, very im- 
portant to ascertain whether the ratios are obtained from the fusion 
analysis, or from the hydrochloric or sulphuric acid extract, or from 
the residue insoluble in sulphuric acid. For the Ki value of the fusion 

* See Stebutt: op. cit. t p. 454. 
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analysis may sometimes be misleading — in cases, namely, where we 
are not familiar with the composition of the parent rock. In the case 
of parent rocks containing quartz in particular the Ki value shown by 
fusion analysis may be misleading unless we deduct the Si0 2 not dis- 
solved by concentrated sulphuric acid from the total Si0 2 . The 
Ki value of the hydrochloric and sulphuric acid extracts (what van 
Bemmelen calls the A and B complexes) show directly whether the 
weathered complexes are allitic or siallitic. 

Today we have very many data available of analyses of laterites. 
I shall only give the figures relating to a laterite profile from India 
(after Harrassowitz).* The analysis (Table XCVI.) is a remarkably 
complete one, as in addition to the data for the fusion analysis it gives 
the composition of the hydrochloric and sulphuric acid extracts and 
of the insoluble residue. 


TABLE XCVI 

Laterite Profile from Ettakot (India) 



Gneiss. 

Zone of Decomposition. 

Accumu- 

lation 

Zone 

Siallitic 

Allite. 

Siallite. 

Allitic- 

Siallite. 

A 

- ; ' 

B 

C 

D 

E 

F 



Analysis by Fusion. 



Si0 2 . . 

64-76 

69-47 

47*62 

58*60 

52*80 

14*13 

TiO a .. 

0-57 

0-31 

2*20 

0*77 

0*54 

2*27 

A1 2 0 3 

18*85 

18-11 

18*25 

25*23 

28*37 

36*85 

Fe 2 0 3 .. 

3-76 

2-28 

18*98 

5-89 

7*23 

29*81 

MgO .. 

0*91 

0*47 

3*46 

0*15 

0*19 

0*27 

CaO . . 

5-16 

3-76 

3-84 

0*66 

0*27 

i 0*72 

Na*0 

4*64 

2*99 


- — • 

— 

| — , 

K 2 0 . . 

1-55 

1-08 


■ — 

— • 

— 

H,0+ 

0*31 

2*08 

6-49 

9-20 

10*76 

1 16*43 

H>0- 

(6-20) 

(0-34) 

(2*06) 

(0-94) 

(0*51) 

| (1-51) 

Total 

100-51 

100*55 

100*84 

100*50 

100-16 

100-49 


Analysis of the HC1 Extract. 


Insoluble resi- 
due 

88*35 

86*95 

55*11 

■ : 

67*48 

70*20 

19*08 

Soluble Si0 2 . . 

2*57 

3*35 

8*92 

6*47 

5*58 

7*25 

TiO a .. 

0*27 

0*18 

0*77 

0-35 

0-11 

’0*46 

A1 b 0 8 

5*67 

5*15 

13*70 

9*42 

6*72 

31*31 

Fe 2 0 3 .. 

1*41 

1*37 

13*63 

6*25 

6*57 

26*11 

MgO .. 

0*54 

0*44 

0*75 

0*14 

1 0*16 

| 0*27 

CaO .. 

1*65 

0*96 

2* 12 

0*65 

| 0*25 

0*72 


* See IIarrassowitz, in Blanches “ Handbuch,” Vol. III., p. 413. 
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Dissolved by cone. H a SO 4 /rom the Insoluble Residue of HC1 Extract . 


SiO a . . 

5-49 

0*82 

15*32 

30-77 

21*12 

6-97 

TiO a . . 

— 

- — 

1*42 

0*42 

0*43 

1-77 

A1 2 0 3 

— 

— . 

3*99 

15*31 

32-21 

5*55 

Fe a O 3 • . 

1-30 

0*35 

5* 25 

. — 

0*59 

3*69 

MgO . . 

0-08 

• — 

2*71 

0*01 

0*03 



CaO . . 

0*56 



1*72 

0*01 

0*02 

— 

Analysis by Fusion of the Insoluble Residue of the cone. 

HgSO 4 Treatment. 

Si0 2 . . 

56-70 

65*30 

23*28 

21*36 

26-10 

0*43 

TiOo . . 

— 

— . 

0*01 

. — . 

_ 



AI 2 O 3 . . 

14-22 

14*4.7 

0-56 

— 

0-27 



Fe 2 0 3 . . 

1-05 

0*56 

0*10 

— 

0*06 



MllOg . . . . ' 

0-29 

0*16 

■ _ — 

_ _ 




CaO . . 

3-76 

2*80 



_ 

: 



Na a O . . 

4*22 

2-73 

— 

___ 

.. 

■, 

K a O . . 

0*84 

0*65 

— 

— 

_■ 

— ■ 

j fi ls i° n 

5*80 

6*50 

MO 

4*40 

0*76 

3*90 

0*67 

3*20 

0*55 

0*65 
0*1 1 

Ivi quartz -free 

( h 2 so 4 

Ki- residue 

, 

— 

2*40 

2*50 

1*60 

0*63 

.. — ■ 

— 

1-40 

1*50 

1*60 

0*63 

[ excluded 







ba =B 

1*00 

0*72 

0*39 

j 0*048 

1 

0*017 

0*036 


These data may he compared with what has been said above 
respecting the chemical characteristics of laterites.* 

Physical Characteristics . — Laterites in general are rich in colloids. 
According to Bennett*]* there is on the average 72-7 per cent, of colloids 
in the clayey tropical soils in Central America. True laterites are, 
however, not 'plastic , being easily friable in the dry state. This is 
attributable to the large quantities of hydrargillite (A1 2 0 S :3H 3 0) in 
well-developed laterites, which reduces the plasticity of the colloids. 
Hence the more plastic a tropical red earth, the nearer it approaches 
to siallite and the greater the distance separating it from pure allites. 
Of the mechanical composition of laterites we may in general say that 
they possess a very line dispersivity and, as the colloids are unsaturated, 
they are very inclined to disperse in water, while when dried they 
crack deeply. 

Morphological Characteristics . — In a fully developed laterite profile 
we can distinguish four horizons: (1) the lowest horizon, composed of 
the original parent rock, frequently 50-60 metres below the surface; 
(2) on this, and formed from it, rests the horizon of decomposition, 
which in the present main type is allitic and contains A1 2 0 3 in the form 
of a hydrate; (3) above (2)— -but actually formed from it — lies the 
accumulation horizon, which is red loam, and mottled as a. result of 

* For further details see Harrassowitz, op. cit., pp. 401-35. 
f See Bennett, E. R. : Soil Science, Yol. XXI (1926), pp. 349-74. 
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the accumulation of A1 2 0 3 and Fe 2 0 3 ; (4) finally, the surface iron 
horizon (crust) formed from (3) as an efflorescence, below which we 
not infrequently find an alumina-gel layer. In respect of forma- 
tion, the surface horizon is analogous to the iron-concretion horizon 
of podsol soils, which we have designated as B 2 . The accumulation 
horizon below it corresponds to the B 1 horizon — reversing the order 
of podsol soils. The decomposition horizon, which is a weathering 
residue, corresponds to the A 2 horizon of podsols, but is the result of 
an alkaline eluviation; its lower part — which differs but little from the 
original rock — may be described as the A 1 horizon. Below it lies 
the original rock (C). We may therefore describe the fully developed 
laterite profile with the following symbols: B 2 , B p A 2 , A. v C, these 
symbols denoting also that the weathering begins from below and 
that the several horizons are leached both down and up. 

Biological Characteristics . — The higher the development of a laterite, 
the less their suitability — owing to the intense leaching — for vegeta- 
tion. The well-developed laterites are therefore bare, the density of 
the vegetation being in inverse proportion to the development of the 
iron crust. Laterites are frequently found bearing mighty primeval 
forests. 

Stage V. : Sub-Types of Common Laterites . 

Habrassowttz has divided allitic laterites into three sub-types, 
which may be symbolised as follows : 

(1) Fully developed allitic laterites, B 0 B 1 A 2 (AJ C. 

(2) B p A 2 (A t ) C. 

(3) A 2 (Aj) C. 

The last are mostly residues of erosion. Sub-type (2) is the most 
common. 

Stage VI. : Local Varieties. 

In the case of soils with such deep layers as laterites local circum- 
stances may naturally produce a very large number of varieties. 


Soil Order 17 : Siallitie Allites 
(Main Type : Tropical Red Earths or Siallitie Allites). 

In soil science literature these soils are usually treated under the 
same head as the common laterites, because in external appearance 
they very closely resemble pure allites. The essential difference 
between these soils and true, fully developed laterites is that the so- 
called decomposition horizon has not yet reached a degree of eluvia- 
tion allowing us to class them as allites. They are only siallitie. It 
is true that this may be a stage of development of the previous main 
type ; but, as we have seen more than once, in certain cases this stage 
of development represents a mobile equilibrium, which may last very 
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long and under certain circumstances may become to all appearances 
stabilised. 

Chemically, Harra sso witz fixed the line of division as follows: 
where the Ki value is 2 or more, the soil is a siallitic ; where that value 
is less than 2, it is an allite. As we have seen, however, this method 
of distinction is very unreliable for fusion analyses, especially where 
the parent rock contains quartz. Now most laterites have only been, 
analysed by fusion. Harrassowitz, however, suggests another 
method of differentiation, based upon the total amount of sesqiiioxide 
hydrates, which may also be used for the purpose. 514 On this basis 
the amounts of free sesquioxide hydrates are as follows: 


In pure alii tic laterites 
In siallitic laterites 
In later i tie siallites 
In siallites 


100-90 per cent. 
90-50 „ 

50- 10 „ 

10 „ 


These proportions may, of course, vary in the different horizons. 
Since the only criterion is whether the decomposition horizon is 
siallitic or not, I believe we should take as decisive the limit- value 
of the last group. 

Harrassowitz differentiates three further sub-types (Stage V.) on 
the basis of the degree of laterisation:f 

(1) Accumulation horizon— red loam — decomposition horizon. 

(2) Red loam — decomposition horizon. 

(3) Decomposition horizon throughout. 

In all three cases alike the decomposition horizon is siallitic. 



Soil Order 18 : Allites Poor in Iron 
(Main Type : Bauxite-Lateiites). 

We know very little of these soils. Harrassowitz makes no mention 
of this variety of laterite as a separate soil order, though he notes 
that there are laterites in which the Fe 2 0 3 content falls below 1-2 per 
cent .J In another place he points out that the laterites poor in iron 
are not red in colour, for which reason until recently these soils had 
not been recognised or had been wrongly determined.! This cir- 
cumstance may also be the reason why we are still not sufficiently 
familiar with this soil type to be able to describe it systematically. 
In theory, however, it may be assumed that laterites consisting 
chiefly of sesquioxide hydrates and therefore very similar to bauxite 
are formed from parent rooks originally poor in iron. 


* See Blanck’s “ Handbueh,” Vol. III., p. 400. 
% Ibid p. 392. 


f Ibid . , p. 419. 
§ Ibid., p. 495. 
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Soil Order 19 : Soils of Mixed Rock Debris 
(Main Type 1 : Hamada). 

This is the term used in Chile for the soils of mixed rock debris 
covering a large part of the dry and hot desert ; these soils are residual 
covers of the physically disintegrated parent rock. There can be 
no doubt, however, that the finer weathered particles have been swept 
away either by winds or by showers of rain. On the surface of the 
coarse debris and in its cracks we find traces of chemical decomposition 
too. These are therefore not real soils in the strict sense of the term; 
the forms of development are extremely primitive, though we occasion- 
ally find a scanty desert vegetation (cactuses).* In principle these 
soils are ectoadynamic. 


Main Type 2 : Soils without Vegetation cracked by Ice. 

To this main type belong both the soils absolutely devoid of vegeta- 
tion formed on the bare rocky crust of the polar zones by the cracking 
action of ice and the residual debris formed on the bare surface of 
rocks above the snow line on high mountains. These are also devoid 
of vegetation. The German scientists call both these soils “ Spalt- 
frostboden ” (ice-cleft soils). In many respects they resemble the 
soils of the hot, dry deserts. They owe their formation to one and the 
same phenomenon, the only difference between them being that while 
in the case of polar soils the cracking is effected by the freezing of 
water, in the torrid zone the cause of the cracking is the alternation 
of excessive heat by day and excessive cold by night. These soils are 
also ectoadynamic. 


Soil Order 20 : Soils of Mineral Grits. 

We cannot yet speak of a definite type. The finer debris is found 
partly below the coarse hamada, though it occurs also on the surface. 
As yet it is a moot point whether these soils are the results of purely 
physical weathering or physical and chemical weathering combined 
(ectoadynamic soils). 


Soil Order 21 : Soils of Fine Mineral Dust. 

As in the case of the foregoing Soils, here too we cannot yet speak 
of separate types, although in the hot desert soils of this kind are not 
infrequently found on the surface and may indeed form mounds 
(ectoadynamic soils). 

* See Blanch’s “ Handbueh,” Vol. III., p. 461. 
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Soil Order 22: Desert Soils in which. the Calcium of the Mineral Matter 

is Partly Mobilised, 

Until quite recently it was believed that in desert climates, o wing to 
the permanent and absolute character of the drought, there was not — 
and indeed could not be — any chemical weathering. However, the 
recent investigations of Blanck, Passarge, Kaiser and others have 
proved that this supposition is mistaken. Even in the dry deserts 
there is some rainfall; and, though that rainfall may be very small 
when distributed over the whole year, the fact that periodically very 
considerable quantities of rain fall, combined with the high tempera- 
ture, makes the effect much more rapid and more energetic than if 
the same quantities of rain were to fall equably under colder climatic 
conditions. We have already indisputable data to prove that not 
only the easily soluble salts but also the silicates weather and their 
constituents become mobile. Blanck and Passarge, for instance, 
have shown that a marl found in the Egyptian desert* contains 
concretions, particularly of gypsum. In all probability the gypsum 
originated from the parent rock, being used to cement the finer particles 
on the soil surface. It is interesting, however, that in the finer particles 
the Si0 2 has increased and the A1 2 0 3 has decreased as compared with 
the parent rock. We may therefore assume a leaching of A1 2 0 3 — 
a process which I believe (the medium being calcareous) cannot have 
taken place except in the form of sulphates. This cannot of course 
be proved, as we have no exact data available. 

Soil Order 23 : Desert Soils in which the Silica of the Mineral Matter 
has been Partly Mobilised. 

Here too we have very few reliable data available ; but those which 
we do possess make it indubitable that in the case of the Egyptian 
soils formed from certain sandstones the finer weathered part contains 
far less Si0 2 than the coarser debris. f A similar regularity is observable 
also in the case of the Egyptian granite, pegmatite and gneiss soils. J 
The decrease of the Si0 2 is accompanied by a decrease in the amount 
of alkali salts, showing that weathering and leaching have taken place 
in an alkaline medium. This is probably one cause of the accumulation 
of A1 2 0 3 and Fe 2 0 3 , as it was in the decomposition horizon of laterites. 

Soil Order 24: Desert Soils with Easily Soluble Soil Crust. 

One of the most frequent peculiarities of dry, hot deserts is the 
accumulation of various salts. These are either residual salts produced 
by the decomposition of rocks or have been washed down by desert 

* See Blanck, E., and Passarge, S.: “ Die chemische Verwitterung in der 
agyptisehen Waste” (1925), p. 88. 

t See Blanck’ s 44 Handbueh,” Yol. III., p. 456. t Ibid., p. 458. 
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showers from more elevated places. As a consequence of the rapid 
evaporation of the water, the salts do not penetrate deep into the 
rock, but accumulate just below the surface, very often forming crusts. 
According to Mortens en* the composition of these salt crusts may' 
vary considerably. The following positive constituents have been 
detected: Na, K, Ca, Mg and more or less Ba, Mn and Fe, and other 
metal cations in negligible quantities. Among the negative constitu- 
ents we find Cl, SOI, CQ„ P0 4 , N0 3 , Br, etc. 

The variations, however, are not important enough from the stand- 
point of soil systematics to warrant our describing them here. In 
my opinion it is best to divide the salts into two groups determined by 
the measure of their solubility in water — viz., easily and slowly soluble 
salts. The easily soluble salts found most frequently in desert soils 
are -Nad, Na 2 S0 4 , Na 2 C0 3 and KaHC0 3 and the double salt of the 
two last. The water-soluble salts of K and Mg are much rarer, as 
is also CaCl 2 . In exceptional cases we find accumulations of NaN0 3 . 
On the basis of their chemical composition only, the salt-crusted soils 
in the tropical zone constitute a kind of continuation of the sodium 
soils — ix., of the salty alkali soils. They differ from the sodium soils 
in general, however, in being in a very primitive stage of chemical 
weathering, only the most easily formed and easily transported 
weathering products— the alkali salts — having accumulated in any 
considerable quantities, and even the origin of these salts is obscure. 
In any case, they originate from a larger weathering area than that 
in which they are found accumulated. The salt-crusted soils some- 
times adjoin grey steppe soils. The grey and light-brown steppe soils 
are often called 44 semi-desert soils/ 5 as they constitute a transition 
between tshernosems and dark-brown steppe soils on the one hand 
and desert soils on the other. The desert soils are not yet sufficiently 
well known to enable us to attempt an exhaustive description. 

Soil Order 25 : Desert Soils with Slowly Soluble Salt Crust. 

These soils are also very little known. They usually contain the 
sulphates and carbonates of calcium. Gypsum and anhydrite accumu- 
late in certain desert soils, but their origin is still wrapped in obscurity. 
They are usually accompanied by other salts (particularly sodium salts), 
very frequently only in the deeper layers. CaC0 3 occurs also in 
many places as a crust. All the soils belonging to this category are, 
however, undeveloped soils; and the salts may have originated from 
other places than those in which they are found accumulated. It is 
indubitable, however, that in even the dry deserts there is some soil 
weathering and that the most mobile products of this process — the 
water-soluble salts — often form characteristic salty products (e.g., 
“ salt pans/ 5 44 salt efflorescences/ 5 44 salt crusts/ 5 etc.) corresponding 

* See Mortensen, IT. : “Die Wiistenboclen ” (Blanck’s “ Handbuch,” 

Vol. HI., pp. 437-90). 
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with the prevailing seasonal water-flow and the orographical conditions. 
These surface formations, however, require a' periodical accumulation 
of a greater amount of water. Most frequently the rising ground water 
(seepage water) which contains the salts does not reach the surface, 
because it evaporates rapidly. The salt left behind loosely cements 
the raw material of the soil, but does not accumulate on the surface 
as easily as in the less dry deserts. 

From the peclological point of view the salt-crusted desert soils — 
like the other desert soils — can only be regarded as very primitive 
soil formations. I should mention in this connection that on the 
surfaces of certain rocks in deserts we often find .so-called “ protective 
coatings ” (“ Schutzrinden ”). Though they are the surface products 
of the chemical decomposition of rocks, these formations cannot be 
regarded as soils.* 


CHAPTER XV 

PHYSICAL AND PHYSIOLOGICAL CLASSIFICATION OF 
LOCAL VARIETIES (STAGES VII. AND VIII.) 

Stage VI. of our soil system — local varieties of types — affords an 
opportunity for a general pedological characterisation of the several 
occurrences; nevertheless, for an adequate physiological characterisa- 
tion local soils must be classified more exhaustively both physically 
and with regard to their plant food reserves. This is rendered essential 
by practical considerations. In former times, when soils were studied 
for practical (agricultural, forestry, horticultural, etc.) purposes, their 
study and classification were confined exclusively to physical and 
nutrient properties. This method might be spoken of as practical 
classification, although today practical soil classification, which deter- 
mines first, second and third quality soils, etc., for land assessment, 
is in general effected solely on the basis of economic valuation. It 
was the Russian soil scientists who first — even prior to the Great War — 
employed the scientific determination of soil properties as the basis 
of soil evaluation. For instance, it was of the greatest importance 
to determine whether the soil of an estate was a tshernosem, podsol, 
etc., for this fixed the permanent character and practical value of the 
soil. Tshernosems are generally rich and remain rich, whereas the 
podsols are leached out and stand in need of constant replenishment 
and require hard work. Of great interest are Stebtjtt’s observations 
respecting the dynamical conditions and changes of soils in relation to 
fertilisation, etc.,f as they illustrate the spirit underlying the land 

* For details see Linck, G.; “ Schutzrinden ” (Blanch’s “Handbuch,” 
Vol. III., pp. 490-505). 

f See Stebtjtt, A.: “ Lehrbuclx,” etc., pp. 460-99. 
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evaluation of the Russian scientists. The Bureau of Soils of the 
U.S.A. divides soils first into “ series ” named after the places where 
they were first found, subsequently classifying soils of a similar type 
on the basis of their mechanical composition. The fact that the 
practical-minded Americans have found it insufficient to ascertain 
the mechanical composition (texture) of soils, but have found it neces- 
sary also to establish certain practical types (called “ series ”), shows 
that the physical or even physiological study of a soil is insufficient 
even from a practical standpoint, for soils possess certain local charac- 
ters which determine the type of clay,' loam, loamy sand, sand, etc. 
The soil series of the Bureau of Soils correspond in practice to the local 
varieties of our soil system, the only difference being in the mode of 
characterisation and in the evaluation. For instance, if the character- 
istic data of the American soil series enabled us to determine — as 
Marbut has done in his “ Atlas of American Agriculture ” — the 
character of the type of these series, the whole American system of 
soil classification might very easily be embodied in my soil system. 
Such a procedure would be of importance both scientifically and from 
a practical point of view, for the classification would then also give 
an idea of the dynamics of the soils of the various series. The practical 
advantages accruing therefrom to agriculture cannot yet be adequately 
gauged. This point I propose to illustrate by a few examples from 
my own experience of Hungarian soils. 

In many parts of the Hungarian lowlands we find immediately 
adjoining (a) tshernosems (calcium soils), (b) so-called “ szik ” soils 
(leached or degraded alkali soils), and (c) so-called “■ black meadow 
clay JJ soils, which are probably degraded calcium soils which in any 
case belong to the hydrogen soil order. It often happens that all 
three soils have been formed from loess and are clayey. Sometimes 
we find that there are no material differences in their texture either. 
Nevertheless, the behaviour of the three soils under cultivation is 
never the same. The calcium soils are the easiest to work and do not 
require special attention. The black meadow clay soil, however — 
although it may also have originally been a calcium soil — in its later 
swampy condition took up hydrogen (in its absorbing complex), so that 
when dried it shrinks and becomes very hard, while under cultivation 
it breaks up into coarse boulders with even surfaces. The cultivation 
of the “ szik ” soil — the third in order — requires special attention 
and causes much trouble. When dry it is hard as flint, while in the 
wet state it deflocculates and is usually sticky. It is difficult to find the 
proper condition when the humidity of the soil is best for cultivation. 

Let us assume that by suitable cultivation all three soils have been 
put in the best condition. What will happen after a heavy rainfall ? 
The “ szik ” soil deflocculates entirely and the effects of the extremely 
difficult cultivation are nullified, while the soil after drying again may 
become so encrusted as to prevent sowing and even to reduce the sprout- 
ing of seed already sown. The whole work has therefore to be begun 
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afresh. The black meadow clay soil does not possess such bad qualities, 
though it, too, shows a tendency towards silting, so that it needs 
more careful and more frequent loosening than the tshernosem. Of the 
three the tshernosem is most easily put into a good physical condition — 
i.e., given a crumb structure, which it retains after heavy rainfall. 

The above example shows what striking differences there may be 
between the soils of various orders and types occurring in one and the 
same district, even though the mechanical composition and physical 
properties of the soils may be identical. It is quite natural that these 
differences exercise a far-reaching effect — both quantitatively and 
qualitatively — on the development of cultivated plants. 

The physiological and chemical conditions of the soil also depend 
upon the character of the soil type. Tshernosems are usually rich, 
not only in plant-food reserve, but also in readily soluble plant foods 
accessible to plants. To this must be added the peculiarity of these 
soils, so valuable from a practical standpoint, that the plant food 
once dissolved is not leached out, and in the event of its not being 
taken up by plants is absorbed by the soil. Virgin tshernosems, 
when under cultivation, can dispense with all fertilisation for a con- 
siderable time. Their only natural defect is a lack of humidity, which 
is very often the limiting factor controlling the quantity and quality 
of the yield. With varying local conditions the degree to which the 
plant foods are leached out also varies. Today it is common know- 
ledge that tshernosems are usually richer in easily soluble phosphoric 
acid, for instance, than the acid forest soils. But let us assume that 
the phosphoric acid soluble in dilute nitric acid is approximately the 
same in both. It may then happen that phosphoric fertilisers will have 
no effect on the forest soils, though very efficacious on the tshernosems. 
This may be due partly to the acid forest being poor in other nutrients 
too, so that even the small available reserve of phosphoric acid is 
sufficient. Tshernosems, however, are rich in other plant foods, so 
that the reserve of phosphoric acid, even if as large as in the forest 
soil, is nevertheless relatively small as compared with those of the other 
nutrients. There may, however, be another difference between the 
respective phosphoric acid reserves of the two soil types. I have 
already pointed out that plants, in addition to receiving food from the 
soil solutions, dissolve plant food themselves. This is particularly 
important in the case of tshernosems, where there is usually sufficient 
finely dispersed lime present not only to protect the soluble phosphoric 
acid against leaching out, but also to impede its absorption by plants. 
The object of the above illustration was to show that for the physio- 
logical characterisation of a soil — viz., in respect of plant-food reserve 
conditions — it is necessary that we should be fully familiar, both 
scientifically and practically, with the soil type. 

These remarks are essential to illustrate adequately the close con- 
nection with my whole soil system of the two last stages now to be 
discussed, 
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Stage VII. : Physical Classification of Local Varieties. 

Since the days of Atterberg, who classified soils on the basis of 
their physical properties and their mechanical composition, soil 
scientists, though they have studied physical properties and mechanical 
composition thoroughly enough, have failed to make use of the advan- 
tages of Atterbeeg’s system of physical classification or to elaborate 
a better one. 

From the physical point of view we may distinguish three great 
groups of soils — viz., loose (sand), heavy but not plastic (loam), 
and plastic soils (day). I refrain from mentioning gravel and 
rocky soils, because their physical composition is so completely 
dominated by the gravel or boulders that the behaviour of the other 
constituents hardly counts at all. It is extremely simple to dis- 
tinguish the three main groups : sand in the dry state does not cohere, 
and breaks up into its elements at the slightest pressure; the loam 
and clay soils cohere when wet and form clods of varying hardness 
when dry, a fact easy to test by crushing the crumbs in our hands. 
It is also easy to ascertain whether a coherent soil is plastic or not. 
If the soil is wet enough in the natural state, we can try to roll it 
into thin wire. If the soil is plastic, we get thin, wire-like threads; 
but if the soil is not plastic the threads break and crumble while being 
rolled. By these simple methods we may therefore divide local 
varieties into three physical main groups. There is of course need 
of further classification; and as the basis of such classification we 
may in principle accept that suggested by Attekbeeg. For the 
physical characterisation of soils the water regime is a property of 
extreme importance from both the practical and the pedological 
point of view. It is particularly important to ascertain the amount 
of available water which the soil is able to store and the depth of the 
roots. Since for reasons already given I have not dealt exhaustively 
with the physical characteristics of soils, I cannot here discuss more 
closely the basic principles of a physical classification. In my system 
of classification the essential point is that Stage VII. shall deal with 
the physical characterisation and the grouping of local varieties. 

Stage VIII. : Classification of Soils according to Plant-Food Reserve. 

In the chapter dealing with the plant-food reserves of soils I 
showed that the quantities, solubility and availability of the various 
plant foods represent only a temporary cross-section of the dynamic 
system of a soil. Consequently, where we are not familiar with the 
whole dynamics of a soil, we cannot possibly decide to what extent 
the determined nutrient content may be taken as a criterion of the 
actual plant-food conditions. The dynamic character of a soil is 
best shown by the soil type. In the eighth stage of my system, there- 
fore, all we have to ascertain is the actual plant-food conditions 
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present in the different local varieties. In many cases the total 
quantity of plant food suffices — -e.g., in the humid tropical climate 
weathering and leaching are so active that even the fresh minerals 
and the organic nitrogen are readily transformed into available plant 
food. In our temperate climate, however, the total amount of plant 
food usually informs us only of the soil’s ultimate richness, and account 
must also be taken of the easily soluble or available nutrients which 
afford the vegetation the necessary nutrition. From the standpoint 
of practical agriculture there are four plant foods to be taken into 
consideration — N, P, K and Ca. As regards the latter the mere 
determination of the soil type gives us some qualitative information, 
and it is only where there is a shortage of Ca that the amount required 
must be determined. 

A shortage or abundance of nitrogen, phosphoric acid and potassium 
nutrients, on the other hand, does not materially affect the general 
dynamic character of the soil. Tshernosems, for instance, which are 
usually rich in plant foods, may yet be deficient in phosphoric acid 
reserve. This does not affect them tshemosem character, but where 
a steppe soil, for some reason or other, loses so much of its calcium 
as to need liming, it loses its steppe-soil character and becomes a 
degraded calcium soil. 

It follows, therefore, that in Stage VIII. of my system it suffices to 
determine the plant-food conditions in respect of N, P 2 0. and K 2 0, and 
on that basis to distinguish rich soils (soils not requiring fertilisers) 
and soils poor in certain nutrients (soils on which artificial fertilisers 
may be successfully employed). The determination of the above 
conditions may be effected in various ways, and may extend also to 
measuring nutrient deficiencies. As in the case of the foregoing 
Stage, here, too, many comparative experiments will be necessary to 
find internationally acceptable methods suited to different soil types, 
and thereby supply the deficiencies of this Stage of my system. How- 
ever, a suitable place had to he found in my system for the plant-food 
conditions of soils, as they are important not only from an agricultural 
point of view, but also scientifically ; for the soil is the natural source 
and store of plant foods. 

Tables XC VII. -GUI. on the following pages give a summarised survey 
of my General Soil System on the basis of the foregoing chapters. 
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Detailed description in Meinardus, W.: “ Arktische Boden,” Blanck’s “ Handbueh der Bodenlehre,” Vol. III., pp. 82-96. 
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Further classification according to (2) local orographical; (3) climatic; (4) hydrological conditions; (5) the nature of 
the parent rock; (6) the local development of the whole profile. 

Categories VII. and VIII. similar to Table XCVIII. 


Main group I 2. Oksanic Mineral Soils 





PART IV 

PRINCIPLES OF SOIL CARTOGRAPHY 

In the foregoing sections we have described the character of the soils 
forming the earth’s outer crust; the last chapter of soil science deals 
with the natural laws governing the occurrence of the various soil 
types. This is no mere soil geography — no mere delineation by way 
of maps of the geographical distribution of soils. Soil maps are un- 
doubtedly valuable auxiliaries of soil science, but from a pedological 
point of view it is not enough merely to delineate the distribution of 
different soils; we must at all times realise the true aim of soil maps. 
Ordnance maps very often serve as starting-points for soil maps. 
There may be soil maps the object of which is not pedological, but 
merely to establish property rights. There are maps, too, showing 
the soils as arable land, forests, swamps, etc., but they have no refer- 
ence whatever to soil science. 

Maps cannot possess the character and value of soil maps unless the 
pedological attributes of the soils are indicated. Without stressing 
the pedological basis we cannot even draft a real soil map, for we do 
not know what w r e have to delineate. To insist on the application of 
general pedological principles in drafting a soil map is to enhance 
the value of the map and to make it of more general interest. 

In former times soil maps usually served mostly practical purposes ; 
they delineated local soil occurrences from an agricultural or silvi- 
cultural point of view, characterising them solely on the basis of their 
physical properties and the plant-food conditions. This approxi- 
mately corresponded to the principles given in the last two stages of 
my system, though the classification lacks all connection with, a higher 
and more general grouping of soils. The intrinsic value of these soil 
maps was consequently limited to what might he called the practical 
interests of the community. A somewhat more general character 
belonged to those soil maps which were based upon geological surveys. 
In the light of modern science all that these maps succeeded in doing 
was to satisfy the practical and scientific interests of the particular 
region for which they were made, for in other regions with similar 
geological formations soils of an entirely different nature may be found. 
For that reason the introduction into soil cartography of soil types 
as independent natural formations has led to the invention of a new 
scientific technique. This technique has given us units of as general 
a character as those represented by rocks and geological formations 
in geology. The mapping of soil types then led to the discovery of 
soil zones and soil regions, paved the way towards the drafting of 
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general maps of the soil types of large areas, whole countries, continents 
and indeed of the whole globe. 

The more extensive the territories embraced in a soil map, the 
smaller the scale that had to be adopted and the greater the indistinct- 
ness of local varieties, of regional types and indeed even of the main 
types not forming continuous zones. This naturally means that the 
more general the soil maps drafted, the higher the stage of my system 
to be adopted, until finally we reach the first stage, which divides 
all the soils of the world into three main groups. Thus, if we draft 
soil maps corresponding to a particular stage in my system, we may 
gradually extend or reduce their scope at will; if, for instance, we 
begin by marking Stage VI. only, we can gradually advance until we 
reach the highest stage (I.). Or, for instance, if on a soil map showing 
only the physical classification of soils we mark the soil types also, 
we thereby locate their positions in the general soil system. 

But before entering into a full discussion of the principles of soil 
cartography, I must refer to another peculiarity of the geographical 
distribution of soils. Recently the Russian soil scientists have pointed 
out that even in regions in which soil types occur zonally, we may 
find not only soil types characteristic of that zone, but others as well. 
The latter are called intrazonal types or — where they occur inde- 
pendently of the climatic belts — azonal soils. Alkali soils, for instance, 
are usually found in the form of isolated islands in steppe soil zones ; 
these soils are therefore intrazonal. Peat soils may, on the contrary, 
rightly be called azonal, because they occur in practically all zones. 

This does not, however, by any means exhaust the question of 
varieties within the limits of the soil zones. Botanists often speak of 
plant associations. Soil zones also frequently constitute complex 
zones which embrace a certain association of several soil types. These 
complex zones develop chiefly at the points where adjacent zones meet. 

All this is not merely accidental, but is the result of the variations of 
all the soil-forming factors concerned. Far-reaching changes may 
be caused in particular by the orographical and hydrographical 
conditions, by the struggle for existence of the vegetation, by the 
destruction of the fauna or by human culture. In other words, these 
heterogeneous occurrences and the succession of the zones are regulated 
by special natural laws the effects of which may be delineated — in 
addition to being shown on maps — by theoretical diagrams which are 
often more comprehensive than the maps themselves. 

Thus soil cartography in the wider sense of the word includes, 
apart from the mere drafting of maps, other means — outlines, draw- 
ings and cross-sections — for illustrating the occurrence and distribution 
of soils, and generally describing their genetic and dynamic conditions. 


CHAPTER XVI 

VARIOUS TYPES OP SOIL MAPS 

The scope of soil maps depends upon the object in view. Two main 
groups can be distinguished — general and special maps. In both of 
these groups we may differentiate a very large variety of grades 
according to the scale of the map. The higher the soil category 
referred to, the more comprehensive the map and the smaller the 
scale required. A soil map embracing the whole globe is the most 
comprehensive and the most general of all maps. 

Zonal soil maps cannot he regarded simply as climatic or phenological 
maps. The latter coincide slightly better with soil maps than do 
climatic charts. This is due to two reasons: (1) the natural vegeta- 
tion itself is partly a function of the quality of the soil and partly of 
the climatic conditions, and (2) since no general pedological survey 
has yet been made to include the whole world, world maps are in many 
of their details not true soil maps at all, but have been drafted on the 
basis of phenological data. Especially defective are the soil maps of 
continents the soil conditions of which cannot be determined yet — 
owing to the lack of human culture — except on the basis of super- 
ficial travel books. 

For obvious reasons, the natural order of things vrould be first to 
make exhaustive soil surveys of the several districts and countries, 
followed by the drafting of comprehensive maps based on the higher 
categories of the soil system. Any gaps and mistakes in local surveys 
would tend to be eliminated when the comprehensive map is being 
rafted. 

That the International Society of Soil Science selected the opposite 
— unnatural — procedure, was due primarily to a desire to make the 
fundamental principles of the Russian school familiar to soil scientists 
the world over and to persuade them to adopt those principles. The 
scheme has proved partly successful. The general soil map of Europe 
drafted by Stremme, with the collaboration of a large number of soil 
experts, for instance, has really shown that the soil types are a suitable 
basis for a general and comprehensive map of soil occurrences, and 
that those types as a whole conform not so much to the parent rock 
as to the natural vegetation and the prevailing climate. Stremme ’ s 
map showed also that soil types which in the vast Russian Empire 
form extensive and continuous soil zones occur in those parts of 
Europe where the orographical and climatic conditions show more 
variety, in certain regions but not in continuous zones. It may happen, 
however, that zonal soil types occur sporadically and form neither 
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zones nor regions. For the soil cartographer these local occurrences 
are of importance only on local maps. 

Since the soil types occupying extensive territories have proved a 
suitable basis for constructing comprehensive soil maps, while the soil 
zones often correspond more or less exactly to the climatic zones, 
maps of this kind are often called “ cUmazonal ” soil maps. It should 
be noted, however, that this term is often misleading, and it would be 
better on all occasions to express the unit or stage of the soil system 
to be shown on the map. 

In order to illustrate this principle I shall discuss in more detail the 
general soil map of Europe drafted by Stremme,* who uses a term 
invented by Miklaszewski, and calls his map a “ Bodenentstehungs- 
typenkarte ” because the origin of the soil types shown on it depends 
closely upon the principal soil-forming factors. The scale of the map is 
1 : 10,000,000. The “ legend ” comprises twenty-seven signs, which 
do not all, however, denote separate soil types, for in transition areas 
we often find a combination of adjacent types. And there are other 
soil regions which are naturally composed of divergent soil types. 
In an explanatory note Stremme observes that in terms of a resolution 
of the meeting of Commission V. of the International Society of Soil 
Science held in Budapest (1926) the classification of the soil types 
shown on the map has been omitted, lest it should erroneously be 
assumed that the International Society of Soil Science had adopted 
a definitive system of soil classification. Undoubtedly this is a serious 
drawback; and with the object of supplying the deficiency the explana- 
tory text to the mapf did actually put the soil types shown into groups, 
adding, however, that the classification thus given did not claim to 
be regarded as a soil system. Stremme 5 s grouping is as follows : 

(1) Types of the great plant associations — semi-desert steppe soils, 
tshernosems, forest soils, dry forest soils, tundra soils, possibly some 
redearths (?). Climatic peculiarity: raw r -humus occurrence. 

(2) Types showing counteraction of parent rock — rendzinas and 
degraded rendzinas. 

(3) Soil types produced by water accumulation — peat soils, peaty 
tshernosems, marsh soils formed in valleys and on the banks of rivers 
or on the seashore, saline soils. 

(4) Soil types of mountainous regions — skeletal soils, or mountain 
soils rich in skeletal soils. 

(5) Deforested soil types of dry mountain regions — Karst and 
Calvero soils. 

It is interesting to ascertain in which of the soil categories represented 
in our soil system we may include the twenty-seven soil types shown 
in the map. 

* See “ Allgemeine Bodenkarte Europas ’* der Unterkommission f. d. Boden- 
karte Europas, bei der V. Kommission d. Intern. Bodenkundliehen Gesell- 
schaft. Erlauterung zur Bodenkarte v. H. Stremme. 

f Ibid, 
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We find the following main types : 

(1) Grey and brown steppe soils 

(2) Chestnut steppe soils 

(3) Tshernosems 

(4) Rendzinas 

(5) Calvero soils 

(6) Littoral salty peat soils . . 

(7) Alluvial soils 

And the following sub-types : 

(1) Brown forest soils 

(2) Grey forest soils 

(3) Podsolic forest soils 

(4) Degraded tshernosems 

The last-named includes three sub-types of degraded calcium soils, 
and is therefore neither a sub -type nor a main type. 

If we investigate the distribution of these main and sub-types — • 
i,e., the calcium and hydrogen soil orders — as shown on the general 
soil map, we shall see that these form the bulk of European soils. The 
total area covered by all the other types shown on the map is not so 
large, nor do they individually occupy any large continuous territories. 
Even where the marking on the map appears to denote an extensive 
area, this is due to the marking showing a combination of various soils. 

Mixed occurrences of this kind are the following: * 

(1) Tshernosem and degraded tshernosem, in the boundary territory 
between the two zones (“ Vorsteppe ”). 

(2) Rendzina, degraded rendzina and podsolic forest soil (grey 
forest soil). 

(3) Forest zones, in which the proportion of peat soil exceeds 
40 per cent. 

(4) Immature soils of mountain regions mixed with various other 
soils. The areas in question are shown on the map separately accord- 
ing to the quality of these other soils. The soils in this category are 
all skeletal soils sporadically mingled with one or other of the follow- 
ing types : 

(a) Podsolic forest soils. 

(h) Rendzinas. 

(c) Red earths. 

(d) Red earths and Calvero soils. 

(e) Brown earths and Calvero soils. 

The signs used on the map include also three soil orders, viz. : 

(1) Saline and alkali soils — i.e., the sodium soil order, 

(2) The frozen soils o tundras — i.e., soil order 8 (ectoadynamic 
soils of mixed origin 

(3) Red earths 
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The extensive, continuous peat and swampy areas have been indi- 
cated with one and the same sign regardless of the differences between 
the various orders of this sub-group. 

Further, among the podsolic soils we find what was then regarded 
as a strange definition. This referred to those podsols which have 
been truncated by erosion and which are called <c truncated forest 
soils 55 — Main Type 4 of Soil Order 10 of my system. 

But there is another definition which is not commonly understood — 
the term “ swamp tshernosem,” denoting a tshernosem formed in 
a swamp. We find a similar definition in Kossovitch’s monograph. 
I do not know how far the two definitions coincide, because we have 
no explanatory notes. However, in view of the fact that Kossovitch 
alludes to the w r et depressions of semi-arid steppes, whereas the patches 
shown on the map are all in forest zones, what Stremme refers to are 
probably swampy forest soils. These latter belong either among the 
wet meadow soils or among turfy or peaty mineral soils — both being 
main types of the hydrogen soil order. The soils mentioned by 
Kossovitch, on the other hand, may be either black meadow clay 
soils or tshernosem patches occurring sporadically on the boundary 
line between a dry steppe zone and a tshernosem zone. The latter 
are genetically and dynamically calcium soils, the former degraded 
calcium soils— i.e., hydrogen soils. 

Summarising the soil types shown on the general soil map of Europe, 
we find the following soil categories: 

3 soil orders, 

8 main types, 

4 sub -types, 

9 complex zones of mixed types, 

1 complex zone of mixed soil orders, 

and finally a further designation showing the frequency of occurrence 
of certain local types — e.g., of forest soils with here and there thick 
raw-humus layers. This is a transition in the direction of peat forma- 
tion, which is very frequent in wet forest areas. 

In general the map comprises soil categories included in the several 
stages of my soil system. It may, however, be noted that local 
varieties are almost entirely excluded. The fact that there are soil 
orders, main types and sub-types — i.e., three different stages of cate- 
gories — is due to our not yet having a generally accepted soil system, 
. while the various recent soil systems group the soil types from various 
points of view. But natural conditions also lead to a confounding 
of the categories, since soil maps can only show soil occurrences 
extensive enough to be marked on the map scale used. In particular, 
it is often impossible to indicate separately azonal and intrazonal 
types. On such occasions recourse is had to designating complex 
zones or to the use of special signs denoting the sporadic occurrence 
of other soil types within individual zones. 
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This naturally results in soil units belonging to different soil cate- 
gories having to be marked together on one and the same soil map. 
In order to ascertain how far the general soil system explained in my 
book is applicable to a general soil map of Europe, my assistant 
(Dr. Kotzmann) and I have drafted — on the basis of Stremme’s 
“ Bodenentstehungstypenkarte ” — a comprehensive general map of 
Europe, showing the soil orders, main types and sub-types of that 
Continent (Supplement II.). The map was enlarged and coloured 
for exhibition at the Third International Congress of Soil Science at 
Oxford in 1935, and has been reproduced for the present volume on 
a reduced scale in keeping with the size of the book. 

In Supplement II. we find the soil items of Stremme’s original 
soil map grouped as follows : 

(1) Raw and humified organic soils: the extensive swampy areas 
to be found in particular in Poland, where in the Pripjiet district 
they form a continuous territory of enormous extent, and, on a smaller 
scale, also in Holland and Germany. The original survey did not 
differentiate between turf and peat soils, nor did it give any information 
as to the kind of turf or peat soil respectively. For this reason we 
have been able to mark only the highest stage of our system. The 
group here designated is therefore Main Group I. of Stage I. of our 
soil system — viz., organic soils. 

All the other soil occurrences shown belong to the main group of 
soils of mixed origin — i.e. } to Main Group II. The first three sub- 
groups of this main group— viz., the immature or skeleton soils, the 
humo-siallitic soils and the ferri-siallitic soils — occur very frequently 
on the soil map of Europe. The immature soils of mixed origin are 
to be found almost everywhere in mountainous regions, being sporadi- 
cally mixed with soil orders, main types and sub-types corresponding 
to the geographical position. Hence these occurrences had to be 
included in the complex soil zones . As contrasted with the other 
complex zones these occurrences are shown in white. These skeleton 
soils are mostly ectoadynamic soils, only the young alluvial and marsh 
soils belonging to the order of pseudoadynamic soils. 

The well-developed soil orders of Europe which cover extensive 
and coherent territories all belong to Sub-Group 2 of Main Group II. — 
viz., to the humo-siallitic soils. Ferri-siallitic soils are only found to 
any extent on the shores of the Mediterranean, while practically no 
occurrences of allitic soils are indicated. 

We may now proceed to deal with the distribution of the several 
soil orders. Excluding the complex zones, the three well-developed 
soil orders occurring on the soil map of Europe are the hydrogen soils, 
the calcium soils and the red earths. On this map the brown earths 
of Ramann are probably confounded with the brown forest soils, the 
result being that the map does not show any true brown earths, while 
the area occupied by the hydrogen soil order has been increased 
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accordingly. The basic colour of hydrogen soils and red earths is 
light grey, of calcium soils dark grey. We can see at a glance that 
the area occupied by calcium soils in Europe is much smaller than that 
occupied by hydrogen soils. It is only in South France that the map 
shows any considerable area of continuous red earth. We see also 
that the occurrence of red earth mixed with skeletal soils is also con- 
fined to the Mediterranean shores of the southern States. The latter 
territories may therefore be included genetically and dynamically in 
the zone of red earths, the only reason why red earths do not form 
continuous areas being that they are prevented from doing so by the 
altitude. It should be noted, however, that on the Dalmatian coast 
and on the Italian Riviera the prevailing soil order is that of red earths 
— an occurrence which is also found (and marked on the map) on the 
French Riviera. If we exclude the skeletal soils of the mountainous 
regions, we find that the north, west and central parts of Europe are 
covered almost exclusively by the hydrogen soil order, only the south- 
eastern part of Russia forming a coherent calcium soil order zone. 
There are sporadic islands in Poland, Rumania, Hungary, Bohemia and 
the Iberian Peninsula. The dark spots shown on the map denote 
these sporadic islands. 

In our designation of the main types and sub-types we have retained 
Stremme’s original markings, which are easily distinguishable from the 
basic colours of the soil orders. On Stremme’s map we find only the 
main types of the calcium soil order, which are shown on our map as 
soils 2, 3, 4, 5, 6 and 7. The sub-types of these main types are not 
shown on the original map either. In the case of the hydrogen soils 
the original map shows mostly the sub-types only, which we have 
grouped in the following main types: degraded calcium soils, common 
forest soils and wet meadow soils. Degraded calcium soils have been 
subdivided into degraded tshernosems (8), degraded rendzinas (9), 
and swampy steppe soils (10). Common forest soils include brown 
forest soils (11), grey forest soils (12), podsolic forest soils (13) and 
truncated forest soils (14). We should, however, certainly include in 
the forest soil area also soil item 17, which represents the forest soils 
rich in raw humus, and soil item 18, which includes all the forest 
soils in which the proportion of peat exceeds 40 per cent. 

The only wet meadow soils shown are those of the tundras (15). 
We know, however, that — particularly in the over-humid forest areas 
of the north, where there is an abundance of peat and raw humus — 
wet meadows are common. For that reason complex zones 17 and 
18 also belong here. 

Soil item 19 includes the various sodium soils of sporadic occurrence. 
These are typically intrazonal soils occurring in various soil zones but 
most frequently found among the brown and grey steppe soils. 

Although sodium soils are found also in the humid zones, particularly 
in marsh soil (27) regions, their distribution is so slight that the occur- 
rences are not shown at all on the map. What we know of these 
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soils today is so little that this may be one reason why cartographers 
have taken no notice of them. 

From what has been said, it will be seen that the application of our 
soil system enhances the value of a general soil map of Europe — 
particularly if that map is drafted on a large scale and in colours, as 
was my soil map of Europe presented to the International Congress 
of Soil Science in 1935 — for the new map shows the laws governing the 
distribution of soil zones much better than the original map drafted 
by Stremme, and eliminates the want of system which was the chief 
defect of his map. Our new map may also be taken as an example 
of the possibility of showing on a single map units belonging to 
divergent categories of soils without prejudicing the principles of soil 
systematics. 

General soil maps are intended to show the types of soil occurrences 
on large areas. Special soil maps, on the contrary, show in as detailed 
a manner as possible local occurrences and are intended to fix their 
extent with the utmost possible exactness. Many special soil maps 
of this kind have been drafted in all European countries and in the 
United States of America. As an illustration of this kind of soil 
map I shall refer to the special soil map of Thayer County ,* Nebraska, 
U.S.A., which, vdiile conforming to the survey system of the Bureau, of 
Soils and treating the local occurrences by soil series, being drafted 
expressly for the purpose of practical agriculture, nevertheless shows 
the influence of the Russian school in its description of profiles, and 
therefore tallies with Marbut’s soil system. 

The soil map shows altogether twenty-nine soil series (local soil 
types), the respective areas of which are showm in Table CIV. 

The first thing shown by the above data is that we are dealing 
with an accurate land survey such as cannot be demanded from 
general soil maps, if only because the latter — as we have seen — can 
show only the dominant types or soil orders. On a general soil map 
of Thayer County, for instance, not more than one, or at most two, 
soil types could be shown; for, as a glance at Table CIV. will show, 
the Crete silt loam and the Hastings silt loam form 74*4 per cent, 
of the whole territory, none of the other soils representing a proportion 
of even 10 per cent., and most of them covering only 1 to 2 per cent. 
Occurrences of such a slight extent would have to be omitted merely 
on account of the small scale of a general soil map. And in any 
case all these soils— if we omit the young alluvial and partly peaty 
soils — belong, as described, to one single main type of my system, 
viz. that of prairie soils . That is at least what both the external 
characteristics of the soils and the character of the cultivated crops 
and the original prairie vegetation would lead us to suppose. Passing 
over the difference of opinion between the Russian and the American 

* See Nieschmidt, C. A., Lovald, R. EL, Gemmel, R. L., and Roberts, 
R. C.: “Soil Survey of Thayer County, Nebraska” (U.S. Dept. Agrie. Bur. 
Chem. and Soils Series, No. 20, 1927). 
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TABLE CIV 

Acreage and Proportionate Extent of the Soils mapped in 
Thayer County, Nebr. 


Type of Soil. j Acres, j Per Cent. 


Crete silt loam 

133,760 

36-3 

Hastings silt loam . . . . . . . . 

92,160 i 

28-1 

Eroded phase . . . . . . . . * * j 

11,392 f 


Thayer silt loam . . . . . . . . j 

4,224 

1-1 

Pawnee silt loam . . . . . . . . I 

576 

0*2 

Nuckolls silt loam . . . . . . . . j 

21,312) 


Light-coloured subsoil phase 

4.736J 

i • l 

Nuckolls loam . . . . . . . . . . 

12,416 

3*4 

Lancaster fine sandy loam . . . . . . 

128 

0*1 

Sogn silt loam . . . . 

3,456 

0*9 

Shelby fine sandy loam . . 

8,768 

2*4 

Shelby very fine sandy loam 

5,952 

1*6 

Shelby gravelly loamy sand 

3,008 

0*8 

Butler silt loam . . . . . . . . | 

9,856 

2*7 

Scott silt loam . . . . . . . . . . ! 

1,408 

0*4 

W aukesha silt loam . . . . , . j 

14,784 

4*0 

Waukesha very fine sandy loam 

5,440 

1*5 

Hall very fine sandy loam . . . . 

5,184 

1*4 

Judson very fine sandy loam 

2,112 

0*6 

Judson fine sandy loam . . . . . . 

1,152 

0*3 

Wabash silt loam 

5,824 

1*6 

Wabash very fine sandy loam 

832 

0*2 

Lamoure silt loam 

3,264 

0*9 

O'Neil very fine sandy loam 

4,224 

1*1 

O'Neil sandy loam 

1,280 

0*4 

O’Neil sand, light-coloured phase 

192 

0*1 

Cass fine sandy loam 

9,344 

2*5 

Cass silt loam 

832 

0*2 

Sarpy sand . . . . . . . . 

384 

0*1 

Total 

368,000 



schools of soil scientists in respect of genetic explanation and of 
determination, we may say that most of these soils are true “ prairie 
soils/* the local varieties of which may show very instructive differences. 

There is a very characteristic divergence between the two dominant 
local types. In both, the surface horizon is black earth of a crumby 
structure. The subsoil of the Crete silt loam is about 14-18 inches 
thick and contains an impervious brown clay pan which prevents 
the circulation of water in both directions. The next horizon is silt 
with a floury coating which is rich in lime ; but it is inaccessible to the 
plant roots, since the clay pan is impermeable. Hence the plants 
must depend exclusively upon the water reserve and stock of plant 
foods stored above the clay pan. This soil is suited primarily for 
wheat-growing, being not so favourable to the growth of maize, which 
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needs abundant water in the late summer months (July, August). If 
the distribution of the rainfall in any particular year is not specially 
favourable, the maize crop suffers from drought, because the clay pan 
prevents the storing of the rain water in the lower horizons, while in 
the warm, dry summer period the moisture in the upper horizon 
evaporates very quickly. 

In the subsoil of the Hastings silt loam there is no such compact 
clay layer, so that the plant roots and moisture are able to penetrate 
farther down, while in the dry seasons the vegetation is able to obtain 
the water it needs from a greater depth. The yield of maize is here 
less uncertain than in the case of the previous type. 

Both these principal soil formations occur on plateaus situated on 
the average at a height of about 1,600 feet above sea-level. The 
plateaus are, however, split up into sections by deep rivers and streams. 
The soils formed on the valley slopes show varying stages of erosion. 
Without entering into details I will merely point out that some of these 
soils are varieties of Crete and others varieties of Hastings silt loam. 
Their fertility varies with the extent to which erosion has washed 
away the upper horizon. 

In the depressions of various sizes found on the plateaus — depressions 
in which the ground water often accumulates to such an extent that 
in exceptionally rainy seasons the whole surface layer is under water 
— are found already degraded prairie soils. These are probably forma- 
tions resembling the black meadow clay of the Hungarian lowlands. 
Finally, in the river valleys there are also various kinds of alluvial 
soils. These are indeed still young, but they are usually very fertile, 
for their basic material is the humous soil washed down from the sides 
of the plateau, while the humidity conditions are for the most part 
extremely favourable for growing both maize and alfalfa. Here the 
shortage of water due to the dry seasons is abundantly compensated 
for — naturally in addition to the ordinary rainfall — both by the 
surplus surface water flowing down from higher districts and by the 
ground water percolating flank wise from the rivers. Here and there 
the great abundance of humidity causes the formation of peat; but 
roughly 85 per cent, of the alluvial soils are under agricultural 
cultivation. 

This brief description suffices to show that the soil map in question 
serves principally the interests of agricultural production; for, as we 
see, the characterisation of the soils itself tends to show primarily 
from an agricultural point of view for which branches of production the 
different local occurrences are best suited. No data of mechanical 
or chemical analysis have been given. All we learn about the physical 
properties, after studying the designations of the various soils, is that 
most of the soils are silty or sandy clays and aie therefore admirably 
suited for agricultural cultivation. And since they are varieties of 
the prairie soil type, which is naturally a rich soil, the soils may in 
general be described as rich, unless the fertile layer has been entirely 
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washed away by erosion or unless the good properties of the soil are 
neutralised by unfavourable ground-water conditions (excessive or 
insufficient humidity). Of course it would be much better even from 
the practical point of view if we had figures enabling us to compare 
the respective plant-food conditions of the various soils. Another 
disadvantage is that we have not the chemical analysis of a profile of 
each of the principal occurrences, since without such analysis it is 
impossible to ascertain infallibly to which main type or sub -type the 
various local varieties belong and therefore in which soil order they 
are to be included. The soil structure described in general terms very 
closely resembles that of degraded tshernosems. The fact that in 
many local types we find in the subsoil a compact clay layer also 
allows us to assume that we are dealing with a degraded calcium soil. 
But none of these questions can be decided definitively without adequate 
profile descriptions and soil analyses. The absorbing complex and 
its degree of saturation would be guiding factors in deciding whether 
the soils are calcium or hydrogen soils. It is, however, indubitable 
that even where they are now hydrogen soils, they were originally 
calcium soils, for the surface soil is for the most part just as crumbly in 
structure as are tshernosems. Now, if these are really degraded 
calcium soils, it would be interesting to know what was the cause of 
the degradation; for according to American botanists prairie soils 
were never under forest. In that case the degradation may have 
been caused by a temporary excessive height of the water table — as 
is actually the case with some swampy soils with a permanently high 
water table. It would not be appropriate to enter into an exhaustive 
discussion of this special soil map, so I have confined myself to point- 
ing out its advantages and disadvantages. In my opinion a special 
soil map should show the distribution of local types, their physical and 
physiological classification — i,e., the last three stages (VI., VII., VIII.) 
of my general soil system — in detail, giving exact acreages. 

These are the principles on the basis of which local special soil 
maps have been drafted by Stremme ; examples of this type of special 
soil map are those illustrating local soil conditions in the neighbour- 
hood of Pietzkendorf near Danzig. I do not propose to discuss these 
maps here in detail; it will suffice to know how and for what purpose 
they were drafted. For details I would refer my readers to the original 
publication on the subject.* 

According to Stremme the first thing to do is to draft a basal soil 
map which will show the local type of soil, its petrographic origin, 
lime condition and other physical characteristics, some properties 
of the surface horizon, the present mode of utilisation, its local name 
and finally the soil valuation expressed in the special figures adopted 
by him. As regards these figures we are given very little information 
in Stremme ’ s description; all we see is that the most valuable soil 

* See Stremme, H. : “Die bodenkundliehe Landesaufnahme in Dantzig ” 
(Rlanck’s “ Handbueh,” Vol. X., p. 422 ). 
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type in Danzig is marked 100, the index figures of the other soil types 
being expressed in percentages. 

By way of illustration I reproduce Stremme’s table (CV.), which 
shows the average yields of the various plants for the cultivation of 
which the various soil types are best suited, .and expresses the cor- 
responding relative capability figure. The data do not embrace all 
the twenty-nine soil types shown on the map. The reason why 
Stremme included in his table only fourteen soil types is that the rest 
are either not cultivated at all or are soils for which no yield data are 
available. 

From the table it will be seen that the method of soil valuation 
employed by Stremme w-as first to ascertain the average yields of the 
several types and then to calculate for each soil type the average soil 
value in percentages of the largest yields. The same methods had 
been employed previously by .Docuchaiev and Sibirtzev when 
fixing the values of the soils of the Government of Nishninovgorod 
(1882-6).* This method of soil assessment w r as also employed by 
Glinka (1900-2) when calculating the soil values of the seventeen 
Governments of European Russia (surveying roughly 1.000,000 sq. 
km. of land). Glinka also — between 1908 and 1914— surveyed 
some 3,000,000 sq. km. of land in Siberia, another 350,000 sq. km. 
being surveyed by the so-called Khazan Commission. Thus, even 
prior to the Great War this method of soil assessment had been tested 
over a very extensive territory in Russia. 

It would be more reasonable and more equitable that the assess- 
ment of land taxes should be based upon such soil surveys. 

For myself, I cannot accept as completely satisfactory in any 
respect the above method of valuation : for the intrinsic value of a soil 
is not expressed fully by its average yield . In addition to ascertaining 
the average annual yields of the various soil types, these soil surveys 
should also enable us to determine the primary costs of the average 
yields, together with the aggregate revenue obtained and the net profit 
secured. No doubt these values fluctuate, and to all appearances do 
not affect the intrinsic value of the soil. But the yield depends not 
only 071 the quality of the soil , but also on the other factors of production. 
These different factors cannot he reduced to a common denominator 
except by expressing each factor in money. 

Every soil valuation must rest, however, on precisely determinable 
properties of the soil which exercise a definite influence on crop yield. 
These properties may be summarised as follows : 

(1) The dynamic character of the soil. 

(2) The special characteristics of each local variety of a given soil 
type: local orographical, climatic and hydrographical conditions, 
petrographic origin and a precise description of the soil profile. 

* See Y arilov, A. A.: “ Brief Review of the Progress of Applied Soil Science 
in U.S.S.R,” (Leningrad, 1927), 
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(3) The following physical characteristics: (a) the texture of the 
soil (sand, loam, clay, etc.); (h) mechanical composition; (c) maximum 
water-holding capacity; (d) depth of living roots; (e) characterisation 
of water regime. 

(4) The following physiological characteristics: lime conditions , 
pH value, hydrolytic acidity, unsaturation, alkalisation, etc., humus 
content (total and active), depth of humus horizon, stability of humus, 
etc.; total plant food (P, 1ST and K, and also the easily accessible reserve ). 

If we have ascertained also the practical importance of these values, 
it will be possible to set the drafting of local special soil maps on a 
firm and reliable basis. 

However, since a practical farmer is unable to make head or tail of 
complicated maps of the kind postulating much expert knowledge, 
separate practical maps must be prepared from the basal map. This is 
the purpose of the practical maps described by Stremme. In Danzig 
recently ten maps on a scale of I : 10,000 have been drafted for the 
area of each administrative unit for which surveys of the kind have 
been made. First two basal (geological and pedological) maps were 
made on the basis of the former three, and on that of the latter five 
other maps were drafted. Of the maps drafted from the data of the 
geological map one is concerned with the useful rocks, one with the 
water supply and one with the suitability of the various soils as house 
sites. Of those drafted from the pedological map one deals with 
the need for irrigation, one with the possibility of cultivation and with 
the quality of the crops produced, one with the need for lime, one 
with the need for farmyard manure and one with the need for artificial 
fertilisers. With the help of the auxiliary maps farmers are really 
enabled to obtain all the information they require in matters of interest 
to them ; and that is what practical soil maps are intended to do. 

Another great group of soil maps consists of those special maps 
which are drafted for a single special purpose . In principle, the only 
difference between them and the former category is that they deal 
with only one particular soil type — e.g., alkali soil types. They may 
be comprehensive or local. The map showing the salt content of the 
Bekescsaba alkali land (Fig. 9), for instance, is a local soil map of this 
kind. Like all such maps, this soil map is entirely one-sided. What 
we wanted to ascertain from the survey at Bekescsaba "was the dis- 
tribution and kind of the salts in the irrigated alkali land in the third 
year of irrigation and the interdependence of vegetation and salt 
content. 

I have also drafted a more comprehensive map of the districts flank- 
ing the proposed deep-cut canal connecting the Danube and the 
Tisza.* But the time available w r as not sufficient to enable me 
exactly to demarcate on the map the boundary lines between the 

* See Sigmond, E.: Szt. Istvan Akad. Term. Tud. Oszt., Vol, I. (1926), 
No. 12. 
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various salt classes. On the map, therefore, I have not drawn any 
sharp lines of division — as shown in Supplement II. 

In Denmark and Germany — and recently in Hungary too— soil 
maps have been drafted which show only the pH value of the soils. 
In districts in which the excessive height of the water level is injurious 
and it would seem expedient to drain the water, maps have often 
been drafted showing the height of the water level. We should do 
even better to supplement this work by ascertaining the minimum 
air capacity of the soil, its pore volume and absolute water capacity, 
by investigations on the spot, for that would enable us to tell where 
we may expect drainage to produce positive results. If we determined 
also the mechanical composition, w r e should be able in addition to 
calculate the most advantageous distance and depth at which to lay 
the drainpipes. 

CHAPTER XVII 

LAWS GOVERNING THE GEOGRAPHICAL DISTRIBUTION 
OF SOIL TYPES 

If w T e study closely the distribution of the soil types covering the 
earth’s surface, we are struck by the fact that their occurrence is not 
merely accidental, but is causally connected with the environmental 
conditions. It w r as this fact that led to the “ climazonal ” or regional 
classification of soil types ; for the climate is the external soil-forming 
factor which in combination with the natural vegetation practically 
determines the whole trend of soil formation. It is true, indeed, 
that other factors — e.g., the properties of the parent rock, and the 
local orographical and hydrographical conditions — often exert a 
modifying influence and counteract that of the climate; nevertheless, 
each climatic zone has its own peculiar or typical occurrences. Very 
instructive on this point is Vol. III. of Blanches “ Handbuch.” If 
we glance through the contents of this volume, w^e are struck at once 
with the fact that, although in each climatic zone w r e find several — 
and not merely one — soil types, the typical occurrences are neverthe- 
less to a certain extent functions of the respective climatic zones. 
It was this natural connection that led to the “ climazonal ” classifica- 
tion of the Russian school. In previous chapters of this book we have, 
however, repeatedly seen that within individual climatic zones we 
find occurring, not only the soil types characteristic of each zone, but 
also other soil types. Thus, when v r e describe a soil type as character- 
istic of a climatic zone, we do not thereby mean that no other soil 
types can he found within that zone. The essential point is that the 
occurrences are not accidental but are in every case regular functions 
of the local soil-forming factors . 
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. Following Blanch’s distribution by climates, Stremme described 
as zonal occurrences in the cooler part of the temperate zone two soil 
types viz., forest soils and brown earths. We know, however, that 
in the forest-soil zones rendzinas are formed on limestone parent rocks 
soils which are calcium soils and are different from forest soils. Where 
the soil is water-logged, on the other hand, instead of forest soils we 
find turf or peat soils, turfy or peaty soils, or wet meadow soils. In 
the former case (that of rendzinas) the modification of the influence 
of the climatic zone is due to the limestone parent rock, and in the latter 
case to the local superabundance of water. For that reason it cannot 
be asserted that rendzinas or peaty occurrences are in these cases 
contrary to the laws governing soil occurrences. For in the former 
case the law operating is that in the formation of a rendzina the active 
lime content (CaC0 3 ) of the parent rock neutralises the acid medium, 
the result being that instead of a hydrogen soil we get a calcium soil. 
The occurrence of this soil is indeed not confined to any climatic zone, 
for rendzinas may he formed in all regions in which the external 
factors encourage acid leaching, while the parent rock is finely dis- 
persed — active — lime. Nor can we assert that the formation of 
rendzinas is not influenced by the action of climate or vegetation; 
for the rendzinas of Poland probably differ from those of Spain or 
Java, just as the forest soils also include many sub-types which are 
the consequences of the interaction of climate and the other soil- 
forming factors. Since the decisive factor in the formation of rend- 
zinas is the parent rock, while in the case of peaty soils it is the super- 
abundance of soil humidity, these soil orders and soil types do not 
figure at all in Vol. III. of Blanch’s “ Handbuch.” The saline soils 
are also treated by Blanch only as soil types peculiar to dry climates ; 
but there is not a word about the saline soils occurring both in humid 
and tropical climates, which are local formations. They are usually 
found in littoral regions. A cardinal defect of cc elimazonal ” classifica- 
tion is indeed that it does not systematically locate azonal or intra- 
zonal soils. Another drawback of that system of classification is that 
it ignores that soil is not a function of climate only, but is the pint 
product of all soil-forming factors , so that, if I select only one or even 
two of the soil-forming factors {e.g., climate and vegetation) as the 
basis of my classification, I am unable to fulfil the general requirement 
of classifying soil as a natural formation on the basis of the character- 
istics in evidence in it. 

There is, however, also a great advantage attaching to the “clima- 
zonal ” classification; for if we know the climatic zone we know what 
soil types may be expected to occur. Particularly instructive in this 
respect is, for instance, Stebtttt’s diagram showing the order of 
succession of the soil zones in the east and west of Europe.* For, 
whereas in the west we pass from the northern podsolic zone through 
brown earths and red earths to the laterite zone, in the east the pod- 
* See Stebutt, A.: 4 4 Handb. d. allg. Bodenkunde,” p. 363. 
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solic forest zone leads through the degraded tsher&osems to the tsher- 
nosems and then to the light-coloured steppe soils, ending in the south 
in dry, hot deserts, the latter often without any transition blending 
with laterites. 

This order of succession of the soil zones does not, however, apply 
to Europe only. In the U.S.A., for instance, the order of succession 
is also quite regular, though the climatic zones have developed differ- 
ently in that country, so that the direction and order of succession of 
the soil zones differ from those prevailing in Europe. The order of 
succession in the eastern part of the U.S.A. corresponds roughly to 
that prevailing in Western Europe; it begins in the north with podsols, 
passing into the zone of brown forest soils and then into the zones of 
red and yellow earths, finally leading to the laterites of Florida. When 
we pass west from east, however, we find the brown forest soils leading 
to the prairie soils and tshernosems, the latter being followed by chest- 
nut and light-brown steppe soils, while finally beyond the Rocky 
Mountains we find a grey-steppe soil belt. Since, however, as we pass 
westwards we find the zones forming belts running from north to south, 
the differences in temperature in the several zones cause a further 
progression of the main types ending in the north in podsolic soils, 
and in the Gulf of Mexico in red earths or laterites. This is shown in 
outline by Jenny’s general zonal soil map.* Fig. 33 summarises the 
ideal distribution of soil zones in Europe and North America respec- 
tively (after Stebutt). 

The above diagram shows that in the eastern part of the U.S.A. — 
along the Atlantic coast — the order of succession of the soil zones from 
north to south tallies with that of the zones on the other side of the 
Atlantic — viz., in Western Europe. The north-south order of succes- 
sion of the soil zones of Eastern Europe, on the contrary, is at right 
angles to the previous direction. The only exception to this rule is 
that in the semi-arid zones we find prairie soils, which occupy a position 
between the brown forest soils and the tshernosems. In Russia this 
position is occupied by degraded tshernosems or by a mixed zone of 
steppe and forest soils, which the American prairie- soil zone very closely 
resembles, f 

Thus, the distribution of soil zones in the two continents again proves 
that the occurrence of soil types is due to natural laws and is in causal 
connection with the climatic conditions. 

The regular succession of soil zones may also he illustrated by 
means of a series of profile sections. A series of this kind showing 
the Russian soil zones has been drawn up by Filatov, J while Kotz- 
mann has done the same for the basin of the Great Hungarian Lowlands 
(see Supplement III.). 

* See Jenny, H,: Soil Research, Vol. I. (1929), p. 153. 

t See Florov, N.: Soil Research, Vol. I. (1929), p. 200. 

% See Filatov, M. M. Diagrammatic Meridional Soil Profile of the European 
Part of U.S.S.R.” (Moscow, 1927). 


Fig. 33. — Ideal Distribution of Soil Zones in^Europe and North America. (After Stebutt.) 
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These sections have naturally been drafted on a small scale and are 
somewhat deformed, but they have been drafted in exact keeping 
with the actual pedological, geological, orographical and hydrographical 
conditions and show the natural vegetation wdiich corresponds to the 
respective soil types. 

The section drafted by Kotzmann cuts through the Great Hungarian 
Lowlands in a W’.N.W.-E.S.E. direction. It begins on the west with 
Mount Koros in the Bakony Range (713 metres), ending on the east at 
the Vlegyasza peak of the Bihar Mountains. The upper section 
shows the prevailing orographical conditions on a somewhat modified 
and reduced scale. Below' is the soil profile section, based partly on 
Treitz’s soil map, partly on our own investigations. The profile 
section prepared by Filatov cuts only the soil zones of the Great 
Russian Plain; the mountainous zones have been omitted, because 
the lack of space made it impossible to delineate the mountain regions 
faithfully and continuously. We endeavoured, however, to eliminate 
this difficulty by showing the characteristic profiles at heights corre- 
sponding roughly to the average altitudes of the respective regions. 
Our section does not therefore form a continuously connected repro- 
duction; the various soil types are showm separately in profiles display- 
ing their succession in plains and mountains. This method shows the 
soil types occurring along the soil section much more clearly and 
characteristically than the section drafted by Filatov. Below each 
profile will be found the designation of the parent rock on which the 
soil rests, on the basis of the geological map given in Dr. Loczy’s 
(senior) “ A Magyar Birodalom Foldtani terkepe.” 

Beginning on the west, we find in the Bakony Range Upper Trias 
and Jurassic limestone alternating with freshwater deposits, while here 
and there we find Lower Cretaceous sandstone on the surface. Owing 
to the humidity of the climate, ordinary forest soils can form. Where 
the parent rock is not rich in lime, we find forest soils with a more or 
less eluviated podsolic horizon (A horizon) and a B horizon rich in 
iron. On the other hand, where the parent rock contains a large 
amount of active lime, we find rendzinas. Since the environs of Mount 
K(3r5s consist of parent rock of the latter kind, our section begins 
with a rendzina, while as it passes east we find ordinary forest soils 
under mixed deciduous forests. Passing still farther east, in the less 
elevated downs (average height about 300 metres above sea-level) the 
subsoil is already loess, though its lime content is apparently not active 
enough to resist the effects of the more humid climate and to allow 
the formation of rendzina. Instead, we find slightly podsolic forest 
soils on which forests and meadow-land are mingled, and in the wetter 
parts black meadow clay soils. The granites of the Velence Hills 
(on the fringe of the Lowlands) are also covered with slightly eluviated 
forest soils. The height of the Lake of Velence brings our section 
to the level of the Great Lowlands and to the climatic region of the 
latter. From this point right as far as the Danube we find an alter- 
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nation of dark- or light-brown steppe soils and salty alkali soils 
respectively on subsoils of loess or marly clay. 

Passing through the deposits of the inundation area of the Danube, 
we reach the sandy area between the Danube and the Tisza, which is 
mottled here and there — particularly in the parts near the Danube — 
by slightly turfy and “ zsombik ” areas. Next we find steppe soils 
alternating with salty alkali soils (soda soils) and peaty soils. In the 
heavier parts of the elevated sandy territory there are sandy steppe 
soils, in the looser parts drift-sand or artificially stabilised drift-sand. 
As we approach Czegled and Toszeg we find sporadically on the banks 
of the Tisza larger connected areas of heavy “ szik ” -lands which 
consist partly of salty and partly of leached alkali soils (often with 
a characteristic columnar structure). 

When we reach the inundation area of the Tisza we find that the 
predominant soil type is black meadow clay, followed by a large loess 
territory in which for the most part steppe soils have been formed, 
Somewdiere just to the east of Mezotur we find the black meadow clay 
alternating w r ith leached or salty alkali and steppe soils, these persist- 
ing until we reach the downs of the Bihar mountain district. Here 
the loess for a considerable distance covers the hills; though— as a 
consequence of the more humid climatic conditions — from the loess, 
not steppe soils but slightly leached forest soils (probably degraded 
calcium soils) have been formed. Further on the section leads us 
through Upper Jura and Upper Trias limestones until we reach the 
rhyolite andesites of the environs of Vlegyasza. Here the soil 
formation shows that with the higher altitude the increasing humidity 
of the climate enhances the acid leaching — i.e. } there is an increasing 
development of podsolisation. The region of mixed deciduous forests 
is followed first by a close deciduous forest and then by a close pine 
forest. The fact that we find a calcium soil (rendzina) in places even 
under forest is due to the parent rock being rich in lime. 

The section shows that in general the soil types adjust themselves 
to the height of the respective regions, while the local occurrences are 
influenced partly by the parent rock and partly by the local oro- 
graphical and hydrographical conditions. 

There are cases in which the laws governing the soil occurrences 
may be shown more clearly by drawing in outline the ideal changes 
in the profiles. A drawing of this kind is the sketch by Harrasso- 
witz entitled “ Sehematischer Uberblick liber die Verteilung der 
wichtigsten Bodentypen in den Tropen. 5 ’* 

According to this sketch the laws governing the distribution of 
tropical soils are as follows : In the constantly wet and. equably hot 
tropics a genuine podsolisation takes place under the raw-humus 
cover of the tropical primeval forests. The result of this process is 
the following profile: an upper humus cover, below that a podsol 
horizon, iron concretions and brown or yellow clay. This is therefore 
* See Blanck’s “ Handbuch,” YoL IIL, p. 436. 
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the soil type of the zone of tropical primeval forests, a soil which, 
though it may differ in detail from the podsolic forest soils of the 
temperate zones, is to he regarded as identical with them dynamically 
and genetically. These are therefore tropical hydrogen soils, with un- 
saturated absorbing complexes, a surface humus cover, and eluviation 
with an accumulation horizon below. 

The next zone is that of the monsoon forests, a zone which is only 
periodically rainy and in the intervals becomes quite dry. Here, as 
a consequence of the alternation of dry and wet periods, the humus 
cover decomposes completely and only the upper podsolic or yellow 
layer remains. This type passes into the red earths of the even drier 
savannahs. These merge almost imperceptibly into laterites — i.e., 
from siallitic to allitic soils. Here we find first siallitic laterites and 
then completely allitic laterites. Finally, as we approach the dry 
steppes, w r e find the laterites passing into crusty desert soils with lime 
concretions and practically bare of vegetation. From this ideal order 
of succession we see therefore how the soil of a primeval forest, im- 
passable owing to its luxuriant vegetation, merges, with the gradual and 
periodical decrease of humidity, into soil types with vegetation becoming 
more and mor,e scanty, and finally into the crusty and salty desert soils 
with no vegetation at all. Here the order of succession of soil types and 
soil orders is governed by the variation and distribution of humidity. 

There are cases, however, in which we find various soil types and 
soil orders side by side under identical climatic conditions. This may 
be seen, for instance, in several districts of the Hungarian lowlands, 
where steppe soils are found alternating with black meadow clay soils 
and with “ szik ” soils. Despite the identity of climate there is 
nevertheless an alternation of soil types belonging to three different 
soil orders. This is due partly to the relief and partly to the local 
hydrographical conditions. 

Where the surface of the Hungarian lowlands lies so high that it 
has never been exposed to periodical inundations, and the subsoil 
does not contain any impervious layer near the surface which might 
cause a high-water table, dark- or light-brown steppe soils have been 
formed in keeping with the semi-arid climate of that region. Where, 
however, the surface lies low, forming closed basins and depressions, 
and has been periodically or continuously covered with a shallow 
layer of water, “ szik 55 soil or black meadow clays have been formed. 
The former soils have been formed where the periodical flooding alter- 
nated with a periodical drying of the soil, the downward migration 
of the salts being followed by an upward migration. But where the 
water cover was permanent there was a certain primitive peat 
formation. As a result of the draining-off of the surplus water, 
however, the primitive peat was transformed into black meadow clay, 
which is really a degraded calcium soil, only the degradation in this 
case is not due ultimately to an increase of forest vegetation, but to 
the effect of peat formation. 


THE GEOGRAPHICAL DISTRIBUTION OF SOIL TYPES 345 

Though the differences between the various local orographical 
conditions are not considerable enough to influence materially the 
climate itself, nevertheless the ££ micro-relief ’■ difference, combined 
with the changes in the water table, may bring about changes in the 
humidity and leaching conditions of the soil so considerable that in 
the first case a calcium, in the second case a sodium and in the third 
case a hydrogen soil has been formed. 

Even more striking changes may be caused by large variations in 
the macro-relief, which affect not only the soil but also the climate and 
the vegetation. These changes are the cause of what are called 
mountain or vertical soil zones. They were first discovered by 
Docitchaxev when studying the Caucasus (1899). Glinka deals with 
three series of mountain-soil types.* A very interesting series, corre- 
sponding to the West European humid zone series, is also described 
by Jenny. f Though the details of mountain zones may vary, the order 
of succession of the zones is governed by general natural laws. 

It is evident, therefore, that the occurrence of the various soil orders 
and soil types is not accidental but is always the result of the inter- 
action of soil-forming factors. The examples given show also that 
the order of succession of the occurrences is regular and depends 
often on climate and equally often on local orographical and other 
conditions. 


CHAPTER XVIII 

TO WHAT EXTENT DOES THE ACTUAL DISTRIBUTION OF 
SOIL TYPES AGREE WITH THE GENERAL SOIL SYSTEM ? 

When we examine more closely the general soil system discussed in 
the preceding section and investigate the distribution of the same 
and the several stages of soil groups, we find that there are definite 
connections between the order of succession and the conditions govern- 
ing the formation of the various groups, orders and types. 

When we compare the order of succession of the three main groups 
with the zones on the surface of the earth in which they are found, 
we see that the soils of the organic main group are not present except 
where for some reason or other there was originally a sufficient abund- 
ance of water to enable the hydrophyte vegetation itself to supply the 
bulk of the raw material of the soil. In these places, then, the soil 
was formed practically independently of the mineral part. For that 
reason soils belonging to this main group are only to be found where 
there is a possibility of the presence of an excess of water. There are 
two ways in which an excess of water may accumulate on the earth’s 

* See Glinka, K.: “ Typen der Bodenbildung,” p. 340. 
t See Blanck’s u Handbuch,” Vol. III., pp. 117-18. 
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surface — either by the annual rainfall exceeding in volume the annual 
evaporation in places where there are impervious and enclosed basins, 
or by the level of the subsoil water for some reason or other being 
higher than the surface of the soil, the whole annual evaporation being 
insufficient to carry off the water thus accumulated. In both cases 
we have to deal with the effect of climate; the first, in particular, is 
the result of a humid — indeed, superhumid — climate. This explains 
why organic soils are found chiefly in humid zones and why they 
become rarer and rarer as we enter the more arid zones. Another 
sine qua non is that the temperature shall be high enough to enable 
a hydrophyte vegetation to thrive. In the arctic regions, for instance, 
where the earth’s crust is frozen for almost the whole year, even in 
those rare periods in which the surface layer thaw r s slightly, the time is 
too short and the temperature too low to permit the development 
of organic soils. Hence the bulk of the turf and peat soils in Europe 
are found scattered about the boreal-forest zone of the north (Norway, 
Sweden, Denmark, etc.). When we reach the tundras, we find only 
turfy soils of mixed origin — i.e., soils which, though formed in an 
excess of water, are, as a result of the low temperature prevailing, 
deficient in hydrophyte vegetation. In Europe, the further south we 
go, the warmer the climate, and a constant increase in the quantity 
of rainfall is required to secure an excess of moisture. As soon as 
we enter the dry, continental regions of South-East Europe — e.g ., 
the Russian steppes — we find a constant decrease in the area of organic 
soils, which are confined to places where an excess of ground w r ater 
causes peat formation. Peat soils of this kind are not zonal, but 
azonal. They may be found even in the warmest tropics — e.g., along 
the seashore or in the deltas of rivers. We see, therefore, that the 
formation of organic soils is the result of the action of two factors — 
an excess of water and a temperature favourable to hydrophytes. 
Consequently such soils are found zonally only in humid zones, though 
they may be found azonally or sporadically in all regions except 
icefields and dry deserts. 

The second main group — viz., the soils of mixed mineral and organic 
origin — is to be found only where the moisture is insufficient to enable 
the hydrophyte vegetation to form soil unaided, though it suffices to 
encourage the development of higher plants, thus adding dead organic 
matter to the mineral material. Hence we find soils of mixed origin 
alike in the boreal, temperate, sub-tropical and tropical zones. 

Pure mineral soils, on the other hand, are found either in dry 
deserts or in the arctic or snow zones, where the conditions essential 
to the development of organic vegetable life are absent. 

To sum up, we may therefore say that the first and the third main 
groups are found chiefly in the extreme zones; while the soils found 
in the other zones mostly belong to the second main group — viz,, to 
the group of soils of mixed origin. 

In the following stage — in the sub-groups — w r e see a further different!- 
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ation of soil distribution. At the very outset, in the organic soils, 
we find a difference — not only in degree of development, but also in 
the manner of distribution — between raw organic soils and humified 
organic soils. For there can be no doubt that a humified organic 
soil becomes peat soil through a certain decay of organic matter, 
depending partly on the age of development of the soil. Peats that are 
still living and growing are usually raw and only slightly humified 
and it is usually not until the peat has ceased growing that humification 
assumes significance. The activity and completeness of the process of 
humification increase with increase of temperature and of the quantity 
of air that finds its way among the dead plant residues. This is why 
more raw organic soils are found in cold regions than in warmer and 
drier climates. 

When we pass to Sub-group 1 of the second main group — viz., the 
raw soils of mixed origin — we find that the continuity of distribution 
is interrupted, because these raw soils fall outside the recognised soil 
zones. They can be formed only in extreme deserts where, though 
the conditions necessary for the formation of organic matter are 
present, neither the organic nor the mineral matter suffers any sensible 
chemical change. 

Taking the order of zonal succession, we find that the humified 
organic soils are followed by the humo-siallite soils. We might say 
that the latter are to be found in regions where both the conditions 
of humidity and the temperature favour a considerable chemical de- 
composition of both organic and mineral matter, though the process 
of decomposition is not complete enough immediately to form the 
end-products. This group includes most of the soils of temperate 
zones. 

The next sub-group — the so-called ferri-siallite soils — are found in 
warmer (chiefly sub-tropical) zones which are periodically humid, 
and where the decay of organic substances is so active that we do not 
find any important accumulation of humus, while the decomposition 
of the silicates is not complete. In the case of the next — the sixth — 
sub-group this latter stage has been reached; indeed aliite soils in 
general are found to contain the end-products of both organic and 
mineral matter. These soils are found only in the tropical zone — 
i.e., in a zone which is not only periodically humid but also very hot. 

Finally, the soils in the three sub-groups of the third main group 
are found only in the azoic — i.e., desert — zones of the arid and torrid 
climates. So we encounter once more a considerable interruption in 
the continuity of soil formation, though in nature the aliite soil region 
often immediately adjoins that of the desert soils. This is due to both 
regions belonging to the tropics, only the one belongs to the humid 
and the other to the arid, tropical zone. What we find depends upon 
the degree of aridity; we find either raw mineral soils or we may dis- 
cover primitive traces of chemical decomposition. Sub-group 8 occurs 
in places where traces of silicate decomposition are already in evidence ; 
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while Sub-group 9 occurs where there is periodically sufficient moisture 
to promote the accumulation of salts as the end-products of chemical 
decomposition and soil leaching. 

This all shows us that the order of succession of the sub-groups is 
also closely connected with the distribution of the soils. 

The laws of soil formation are illustrated even more perfectly by 
Stage III. of our soil system — viz., by the distribution of the soil orders. 
Soil Order No 1 is found chiefly in places where the excess of soil 
moisture results from excessive precipitation — viz., in superhumid 
climates or in mountainous districts. Order No. 2 occurs mostly in 
places where the surface is flooded by an abundance of ground water. 
It is not, however, confined to humid zones, being the result of local 
orographical and hydrographical conditions. Finally, the soils of Order 
No. 3 are formed — under the influence of saline water — in littoral 
regions. We find the same periodicity in Orders Nos. 4, 5, 6. 

Order No. 7 is not dependent upon either climate or vegetation, but 
is entirely azonal. The soils belonging to this order are found in places 
where the parent material of the mineral part is resistant to any de- 
composition — e.g ., quartz or other material strongly resistant to 
chemical weathering. The formation of soils belonging to this order 
results mostly from the action of geological conditions. 

The reverse is true with Order No. 8, for, though the mineral part 
of the soil itself is liable to decomposition, the extreme climate (ex- 
cessive constant cold or drought) prevents the development of soil 
dynamics. Hence this order is zonal, and is found in the arctic 
and snow zones or in dry deserts. 

Order No. 9 — the pseudoadynamic soils — contains soils to be found 
more or less in all climatic zones in places where running or stagnant 
waters bring into being fresh soil deposits. Though this order does 
not form coherent zones of any considerable extent, it is nevertheless 
of very frequent occurrence and covers very large areas in all. For 
this reason the order is of importance both from the pedological and 
the agricultural point of view. 

Orders Nos. 10 and 11 comprise the bulk of the zonal soils of the 
temperate climate — the hydrogen soils embracing those of the humid 
and the calcium soils those of the arid temperate zone. The sodium 
soils (Order No. 12) do not form coherent soil zones, but are to be found 
chiefly in the form of islands in the calcium soil zones, being therefore 
typical intrazonal soils. 

The distribution of Order No. 13 — the brown earths proper — has 
not yet been definitely ascertained, for the difference between brown 
forest soil and brown earth has in many cases been left out of account, 
for which reason these two different kinds of soil are often quoted as 
one in statements relating to the distribution of soils. However, we 
find that the browm earths are confined to parts of the temperate zone 
in which the moist, cool season is followed by a warm and dry summer. 
In this respect the conditions resemble those governing the distribu- 
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tion of red earths, except that the latter require a warmer climate® 
As regards distribution there is a similarity also between the yellow 
earths and the brown and red earths. The difference probably lies 
in the chemical differences in the soil material; but at present our 
knowledge of this type of soil is too deficient to allow of our circum- 
scribing the laws of distribution. 

We thus come — through the yellow and reel earths — to one of the 
most characteristic soil groups of the tropics — viz., allite soils. These 
are typical products of the humid tropical zone (alternating dry and 
hot seasons). The sub -tropical red earths are followed first by the 
siallitic allitic soils and then by the pure allite soils. Order No. 14 
is therefore followed by Order 17, the next in succession being Order 16. 
In nature, however, as a consequence of the action of regional and 
local factors, this order of succession is not always in evidence. The 
essential laws governing the distribution of the other soils of the humid 
tropics have been known to us since the days of Harrassqwitz. Here 
I need only mention in addition Order No. 18, of which all we so far 
know for certain is that it does occur, though in default of exact data 
we are ignorant of the conditions and circumstances of its distribution. 
We may, however, note that the so-called bauxite-laterites owe their 
freedom from iron probably to the original mineral material itself 
having been free from iron. 

Before leaving the group of soil orders of mixed origin, I must call 
attention to a characteristic feature of the distribution of the sodium 
soils and of Orders Nos. 13-18 respectively. Most of the Na soils — 
excluding the saline soils of humid regions — are found in places in 
dry and warm or temperately warm zones in which the soil periodically 
receives an excess of water. Soils belonging to Orders Nos. 13-18, on 
the other hand, are found in those places in humid climates where 
the wet seasons are interrupted by decidedly dry periods — i.e., where 
periodically the soils which otherwise contain sufficient humidity 
become very dry. Orders 13-18 are differentiated according to the 
rise in temperature from a temperate warmth to tropical heat. Yet 
there can be no doubt that, though there is a decided contrast, there 
is also a similarity between the respective circumstances governing 
the distribution of the latter orders and the sodium soils. The con- 
trast is that, while Orders Nos. 13-18 belong to humid climates, the 
sodium soils — subject to the above restriction— are typical products 
of dry climates. In the case of both groups of soils, however, there 
must be an alternation of humid and dry soil conditions. 

Finally, we have the Orders (Nos. 19-25) of soils of pure mineral 
origin. These are found zonally, in dry and hot deserts. They may, 
however, be found also in arctic and snow regions. The laws govern- 
ing the distribution of the several orders of this main group are not 
zonal, but regional or local, depending either on the orography of the 
surface, on the intervention of periodical showers or on the infiltration 
of ground water. Consequently, Order No. 19 covers level surfaces 
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where the detritus of physical weathering cannot be sorted either 
by winds or by periodical showers. Orders Nos. 20 and 21 are mostly 
products of the sorting effect of winds. We have no detailed know- 
ledge yet concerning the formation of Orders Nos. 22 and 23; but the 
pedogenic conditions allow us to conclude that they may be formed 
in regions where periodical showers (even if only for short intervals) 
induce a favourable weathering of the silicates and wash out the 
water-soluble salts. Orders Nos. 24 and 25, on the other hand, are 
found in deeper, closed basins in which the water collects, evaporating 
on the surface, or in which the seasonal rainfall, together with' the 
dissolved salts, periodically comes to the surface in the form, of ground 
water. The variety of the salts is probably due not so much to the 
external pedogenic factors as to the chemical nature of the parent rock. 



Fig. 34. 

The distribution of the soil orders according to the changes in the 
two principal climatic factors— viz., humidity and temperature — is 
shown in Fig. 34. 

The figures given above denote the numbers of the orders. The 
arrows show the centripetal movement of the various extreme climatic 
factors, which in the centre — in the zone of calcium soils (11) — become 
equipoised. 

In the left upper comer of the parallelogram we find the ectoadynamic 
soil order (8), which leads through the hydrogen soils (10) to the 
calcium soils. In the left lower corner are the orders (19, 20 and 21) 
of the cold and dry deserts. These, too, lead through the hydrogen 
soils to the calcium soils. When we pass the calcium soils to the right, 
we again find a divergent series of soil orders. When we proceed in 
the direction of the right upper comer, we pass through the brown 
earths (13) and the red earths (14) to the various laterites (16, 17, 18). 
And when we proceed towards the right lower corner, we pass through 
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the sodium soils (12) and the soils with a salt crust (25), or pure mineral 
soils in an initial state of weathering to the pure mineral raw soils 
of the dry and hot deserts (19, 20, 21). 

As we see, the order of succession and the circumstances of the dis- 
tribution of the twenty-five soil orders contained in our soil system 
are closely connected with the typical characteristics of the several 
orders. Consequently, if we know the climatic or phenological 
conditions of the various regions or continents, our knowledge, com- 
bined with an application of the laws described above, should enable 
us to tell in advance what orders may be found in the territory in 
question. I would, however, emphasise that I am deliberately using 
the conditional mood. For, though these laws are derived directly 
from natural phenomena, nevertheless — since the formation of the soils 
is contributed to, not only by climatic and phenological factors, but 
also by other pedogenic factors — the climatic or phenological zones 
or regions do not always agree with the actual distribution. Con- 
sequently , climatic and phenological charts cannot be simply redrawn 
unchanged as soil maps . The correct procedure is to base soil maps 
solely and exclusively on soil surveys ; for , as we have seen , several soil 
orders may be formed in one and the same zone. 

This is still truer of the main and sub-types or their local varieties — 
i.e ., of the units of Stages IV., V. and VI. of our system. Naturally I 
cannot enter into a detailed description of the distribution of each 
of the above units; for in the first place the space at my disposal is 
limited, while in the second place it is unnecessary, since, when dealing 
with the pedogenic conditions of each of the main and sub -types, 
I have already indicated the conditions or laws governing their dis- 
tribution. Furthermore, in many cases we are not yet fully acquainted 
with the laws of distribution. 

I shall confine myself to illustrating merely the regular order of 
succession of the best-known main and sub-types occurring zonally. 
Let us begin with the humid and cold zone, in which the soils are under 
the influence of an excess of humidity. This zone is the home of 
sphagnum turf and sphagnum peat, which, though they do not form 
large continuous zones, nevertheless impress their character on the 
soil zone of the region of super humid and cool climates. Such, for 
instance, are most of the coniferous forest regions of Scandinavia. 
With decreased humidity we get peaty and turfy soils, which any 
further decrease of the surplus humidity converts into wet meadow 
soils. These are followed by common forest soils, which, in the more 
humid regions are still slightly turfy or peaty, but with the decrease in 
humidity and the rise in temperature gradually turn into black steppe 
soils. The black steppe soils are followed by chestnut and light- 
brown and then by grey steppe soils; increasing aridity of the soil 
climate produces next in order desert soils with saline crusts and the 
raw soil types of arid deserts. 

Parallel with the drier representatives of forest soils, but in warmer 


352 


THE PRINCIPLES OF SOIL SCIENCE 


regions, there develop primary brown earths and then terra rossa , 
these being followed in still warmer regions by siallites and then by 
common laterites. The other progression of soil zones begins with the 
black steppe soils and follows the other steppe soils until the grey 
steppe soils meet the arid desert soils with saline crusts. 

The zonal order of succession is often followed also by the sub-types. 
Thus, for instance, in the case of forest soils the sub-types with a 
fully developed podsol horizon (A 2 ) are the more humid upper repre- 
sentative, the forest soils with a distinct A horizon are the middle 
representative, and those with no visible alluvial horizon the lowest, 
driest representative; they merge through the degraded steppe soils 

into the northern tshernosems ( - I. The sub-types of the latter also 

constitute a gradual series passing through the thick central tsher- 
nosems to the zone of the southern tshernosems, as indicated in 
Kossovitch’s monograph. 

Finally, I must warn my readers that even the great soil zones are 
composite — so-called complex zones — i.e., in the same soil zone we find 
the main types accompanied by other soil types. In Vol. III. of 
Blanck’s manual, which deals with the distribution of soils in the 
various climatic zones, it is shown that almost all zones contain several 
soil orders, main types and sub-types. Similarly, the main types 
belonging to any single order occur in many different climatic 
zones. 

The calcium soil order, for instance — the chief representative of 
which is the black or dark-brown steppe soil, such as the Russian 
tshemosem — is very widely distributed. It is found on the limit of 
the dry climate, where the latter meets the humid zone. We do not 
yet know for certain whether the second main type (prairie soils) should 
be included among the degraded calcium soils — i.e., among the hydrogen 
soils. The latter probably require greater humidity for their develop- 
ment than do the tshernosems. A still greater humidity is required 
for the development of remdzinas. In Poland, for instance, the rend- 
zina main type is found associated with podsolic forest soils. This 
is due to the resistance resulting from the active CaC0 3 content of the 
parent rock, which causes the rendzinas to be one of the most widely 
distributed soil types of calcareous rocks. We find rendzinas not only 
in humid warm climates but also in warm sub-tropical and tropical 
climates. We may therefore say that, while the steppe soils in general 
are the characteristic zonal main types of the temperate arid zones, 
the rendzinas carry the calcium soil order into practically all the 
zones in which the other conditions indispensable to the development 
of an abundance of continental vegetation are present in any form. 
From the inadequate descriptions available we may conclude that the 
fourth main type — the tropical and sub -tropical black earths — are 
to be regarded as calcium soils similar in character to the black steppe 
soils, but we are not yet sufficiently acquainted with their exact genetics 
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to be able accurately to determine their real place in the system or to 
define the conditions governing their distribution. 

With Main Types 5 and 6 the calcium soils reach the limit of the 
saline soils of dry deserts. Main Type 7 in reality includes calcium 
soils obtained artificially from hydrogen soils. Finally, Main Type 
8— the so-called “ Calvero 55 soil — is really a pseudo-steppe soil type 
which began to develop in a manner similar to that of the rendzinas, 
but as a consequence of human intervention has assumed character- 
istics reminiscent of the light steppe soils. It is probable that in the 
course of time the calcium soil types will increase in number, for 
we are not yet fully familiar with these soils— particularly with 
the calcium soils of the warmer sub -tropical and tropical regions. 
But the conditions of distribution of the known types in themselves 
suffice to establish the fact that the calcium soil order may be found 
practically everywhere in the fertile regions of the world. 

Equally widely distributed are the main types and sub-types of 
the hydrogen soil order. The very first main-type soils of this order — 
the turfy and peaty soils— which are found zonally only in the more 
humid and cooler climates, may occur azonally all over the world in 
places where the prevailing conditions are favourable to the develop- 
ment of hydrophyte vegetation. The same is true also of the wet 
meadow soils, wdiich are found zonally or regionally only in humid 
and cool regions, but may occur everywhere associated with meadow 
peats, constituting a transition stage between waterlogged peaty soils 
and drier soils. The chief representatives of the hydrogen soils are 
the forest soils of the temperate zone. These soils often form well- 
developed zones or regions in a temperate climate, but, as we have 
seen, they are also to be found occasionally in tropical and sub-tropical 
districts covered by virgin forests. The descriptions available of 
Main Type 4 — the truncated forest soils — are too inadequate to enable 
ns to determine the conditions of their distribution. Finally, the 
degraded calcium soils are found on the junctions between forest soils 
(or, more generally, hydrogen soils) and calcium soils, thereby show- 
ing as it were the capacity of this essentially humid soil order to make 
headway in the more arid climates. Indeed, strictly speaking, it does 
not constitute a type of a single order; for its sub-types show that it 
may be formed from widely differing calcium soils. It is nevertheless 
convenient to class them all in one main type, since they are all 
hydrogen soils formed from calcium soils. Calcium soils of arid 
climates may also become hydrogen soils ; but it should be noted that 
hydrogen soils derived from calcium soils are only found sporadically 
in the drier zones. 

Far more widely distributed in drier climates are the sodium soils. 
This order of soils is far more widely spread over the the surface of 
the earth than we should suppose. For Main Type 1 — the alkali- 
saline soils — is found not only in dry regions, but also in humid regions 
w T here for some reason or other the soil is saturated chiefly with solu- 
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tions of sodium salts. In particular, these soils are found in many 
low-lying littoral regions, irrespective of climate. The only exception 
is the region of eternal snow and ice. Nevertheless, the regions in 
which the alkali-saline soils are chiefly found are under arid climates, 
of which both this main type and the other sodium soils are character- 
istic products. Hilgard first showed that alkali soils are everywhere 
products of arid zones. Glinka added that the alkali soils are the 
peat soils of arid climates — meaning that in humid climates the place 
of the alkali soils wuuld be taken by peat soils. Indeed, most alkali 
soils are to be found, not in absolutely arid deserts, but in the sections 
of the arid zones (particularly of the steppe zones) periodically pro- 
vided with an excess of “water. This periodical excess of water origin- 
ates, not from local precipitation, but either from water flowing down 
from higher levels or from inundations, or else from the periodical 
rising of ground water. Under such circumstances, in a humid climate, 
and where there is abundant precipitation and deficient evaporation, 
we should find peat developing into various kinds of turfy or peaty 
soil types. In the arid zones, however, the water evaporates on the 
surface and the sodium salts accumulate in the soil. This is the begin- 
ning of the alkalisation of the soil. The other sodium soil types are 
merely continuations of this process. The soil belonging to the first 
main type only deserves the name of sodium soil because it contains 
an unusual quantity of sodium salts. In the case of Main Type 2, 
however, the sodium penetrates into the absorbing complex of the 
soil and expels the calcium. Main Type 3 is found in places where 
the previous formation has been exposed to abundant leaching, so 
that the bulk of the sodium salts has been leached out into the lower 
horizons. In the case of Mam Type 4, i.e. the degraded alkali soils, 
the leaching of the alkali soil has advanced so far, that the absorbed 
Na has been more or less replaced by H. Finally the degraded alkali 
soils are alkali soils which the alternation of the hydrological con- 
ditions has reconverted into saline soils. It is evident, therefore, 
that the development and distribution of the various types of alkali 
soils depend upon the local hydrological conditions. They are found 
in the low-lying closed basins of arid regions, in the closed inundation 
areas of rivers, and in the terrace formations of rivers situated at 
various altitudes. They have, however, developed everywhere at 
the cost of Ca soils; at any rate, we rarely find a sodium soil develop- 
ing from a hydrogen soil. In principle it is not impossible, but it is 
probably a rare occurrence, for the zones of hydrogen soils are usually 
not suitable for the formation of sodium soils. The only exception is 
provided by the saline soils which develop in connection with the 
peat soils of littoral regions. 

It will thus be seen that our system is very closely connected with 
the distribution of the several soil orders and types. This might 
have been anticipated, since the soil and its whole dynamic system are 
the results, not of chance, but of natural factors or factors deliberately 
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re-created by man. The system rests on genetic and dynamic 
bases. 

I have now brought to an end the theoretical part of my soil carto- 
graphy. The drawing of maps is the work of soil technology — as are 
soil analysis and the description of methods of investigation. 

At the same time I have covered the purely scientific field of know- 
ledge of soil science, summarising and systematising all that purely 
scientific knowledge and those purely scientific phenomena which 
are indispensable to a familiarity with the soil as an independent 
natural formation. 

The application to practical life of this knowledge — as an applied 
science — stands in the same relation to general soil science as chemical 
technology to chemistry. It might therefore be called applied soil 
science or soil technology. 
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varieties of soils, 164 
Loss on ignition, 99 
Low moor, 168 

peat soil, 173 
turf soil, 168, 169 

subtypes of 170 
Lyophobe series, 26, 117 
Lytosphere, 126 

Macro-relief, 47 
Magnesium in soils, 97 
Main soil groups, 152 
types, 164 

Man as soil forming factor, 64 
Manganese in soils, 96 
Marsh -soils, 170, 182 
Matiere noire, 104 
Mature soils, 63 
Maturity, degree of soil, 63 
Meadow-soils, wet, 185 
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Meteorological conditions, 80 
Mezzo-relief, 49 
Mice, 55 
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Micro-organisms as soil forming 
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Micro -relief, 49 
Mild humus, 53 
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Mineral-chemical composition of soils, 
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Mineral dust, 308 
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Mixed rock debris, 308 
Moisture in soils, 99 
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Molecular ratio of Gans, 91 
Monsoon climate, 35 
Montmorillonite, 22 
Morphology of soils, 81 
Mould, 62 ‘ 

Mountain climate, 35 
Mucks, 186 
Mull, 62 

Natural vegetation as soil forming 
factor, 49 

Neuhauer's method, 145 
Neutral low-moor peat soils, 173 
Nitrifying bacterium, 85 
N-S-Quotient, 44, 45 
Nyirok soils, 297 

Oak as soil forming factor, 53 
Ocean climate, 34 
Organic and mineral soils, 152 
Organic matter, 103 
soils, 152, 158, 159 
Orographical conditions, 80 

effect of, on soils, 46 
Ortstein, 82 

Pampas, 243 
Peat, dry, 53 
Peat soils, 158, 159 
Peaty mineral soils, 183 
Peat vegetation as soil forming factor, 
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Pedology as a science, 2 
Pedosphere, 4 
Peptisation, 131, 132 
Petrographic soil forming factors, 7 
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of acids, 16, 17 
of bases, 16, 17 
of carbonic acids, 17 
of humic acids, 17, 18 
of salts, 19 

of zeolite suspensions, 19 
Physical classification of local varie- 
ties, 314 

Plant foods in the soil, 144, 314 
Podsol layer, 73, 186, 189, 192, 193,203 
soils, 189, 193 

dynamics of, 190, 192 
Podsolic horizon, 73, 82, 189, 192 
Podsolic soils, forest, 82, 189, 198 
Podsolisation., 73, 183, 189, 224 
Polar adsorption, 122, 127 
Polygonal soils, 175 
Potassium, exchangeable, 119 
in soils, 97 

Prairie climate, 231, 232 
soils, 231 
vegetation, 232 
Primary brown earth, 282 
Principles of soil cartography, 325 
Profile, soil, 81 
Protective coatings, 311 
colloids, 132 

Pseudoadynamie soils, 179 
Pure allites, 301 
Purely mineral soils, 1 52 

Rain factor, 43, 44 
Raw soils of mixed origin, 155, 158 
Reconstruction of the original salts 
of the soil, 142 
Red earths, 289 
Reducing reactions, 67 
Regraded alkali soils, 280 
steppe soils, 251 
Regur soils, 243 
Relict red earths, 297 
Relief, 47 
Rendzinas, 236 
Reversible colloids, 126 
Rocks as soil forming factors, 12, 13 
Rodents, 55 

Saline soils, 39, 76, 255 
peat soils, 173 
turf soils, 171, 182 
Salts, hydrolysis of, 18 
Salty alkali soils, 260 
crusts, 39 

Saturated soils, 117 
Secondary brown earths, 289 
Ca-soils, 251 


Siallites, 31 
Siallitic allites, 306 
Silicic acid, 26 

soluble, 94 
Sirocco, 35 

Skeletal soils of high mountains, 178 
Skeletal soils, 173 
Soda formation, 136, 137 
soils, 40 

Sodium in soils, 97 
Sodium-soils, 255 
Soil assessment, 335 
Soil, chemical characteristics of, 84 
crusts, 160, 309, 310 
definition of, 3, 5 
dynamics, 85 
forming factors, 7 
reactions, 67, 73 
geological origin of the, 7 
horizons, 82 

leaching in acid medium, 73 
alkali medium, 76 
neutral medium, 7 6 
immature, 63 
maps, 323, 325 

general maps of Europe, 325 
special, 325, 331, 337 
mature, 63 
metamorphosis, 152 
mixed origin, 153, 158 
orders, 154 
profiles, 81 
science, applied, 3 
general, 1, 3 
series, 147, 312 
surveys, 80 
systematics, 147 
systems, 151 
types, 163 
zeolites, 22 
Sol, 24 

Solonetz soils, 266, 267, 268, 273, 278 
Solontshak soils, 256, 266 
Soloti soils, 279 
Solubility of soil salts, 133 
Soluble salts, 133 
Soluble silicic acid, 94 
Solvate layer, 126 
Solvatocratic colloids, 126 
Special soil maps, 325, 331, 337 
Sphagnum turf, 159, 164, 165 
soils, 164 

subtypes of, 167 
Stability of colloids, 131 
a suspension, 26, 131 
Steppe climate, 36, 39 
soils, 76 
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Steppe vegetation, 53 
Structural soils, 174 
Structure of soils, 81 
Sub-tropical black soils, 243 
Sub-types of soils, 164 
Sulphates, formation of, in soil, 21 
Sulphuric acid formation in soils, 20, 
21 

Suspensoids, 24, 25, 126, 131 
S -value, 113 

Takir, 176 
Talpa, 55 

Temperate climate, 36 
zone, 40 

Tertiary Ca-soils, 251 
Terra rossa, 291 
Tirs, 243 

Titanium dioxide in soils, 96 
Tornadoes, 35, 39 
Tropical climate, 36 
black soils, 243 
Truncated forest soils, 205 
Tshernosems, 39, 214 
sub-types, 228 
T-S -value, 113 
Tundra, 177 

climate, 36, 42, 177 
soils, 177 
Turf, 61 

soils, 158, 159, 164, 168 
types, 168 


1 Turfy mineral soils, 183 
T-value, 114 

Types of soil formation, 73 

Ulmin, 105 
Ultramicron, 25 
Unsaturated humus, 62, 70 
soils, 117 
U-value, 118 

Vegetation, 80 
V- value, 75, 113 

Water as a weathering factor, 13 
Water extract of soils, 133 
Water regime of soils, 83 
Water - soluble bases (or kations), 
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Weathering, chemical, 13 
| Wet meadow soils, 185 
vegetation, 53 
i Whirlwinds, 39 
s White alkali soils, 264 

Xerophytes, 39 

Yellow earths, 299 

Zeolites, artificial, 27, 28, 
soil, 22 

Zonal soil system, 178 
Zonal soils, 152, 161, 378, 352 
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Legend : 1. Raw and humified organic soils. 2. Grey and light bro#i u I 
soils. 3. Chestnut brown “steppe ” soils. 4. Black and dark brown “i 
soils. 5. Tchernozem and degraded t chernozem. _ 6, Calvero soils. 7. Her 
8. Degraded “steppe” soils ■ 9; Degraded rendzinas, .. .10, Degraded teha 
11. Brown forest soils. 12. Grey forest soils. 13. Strongly podsolised fori 
14. Denuded forest soils. 15. Tundra soils. 16, Red earths. 17. Forest 
raw humus spots. 18. Forest soils with .more than. 40% moor. 19, Zones; 
with sodium soils. 20. Skeletal soils with podsolised highland soils and U 
21. Skeletal soils with rendzinas and degraded rendzinas. 22, Skeletal sot 
red earths. 23 Skeletal soils with red earths and ealvero soils. 24. Skeie 
with brown forest soils and red earths. 25 Skeletal soils with brown forest ft 
ealvero soils. 26, “ Marseh “ soils. 27. Recent alluvial soils 


Distribution of the Soil Orders, Main- and Sub< 
types in Europe. 

Based on the International Soil Map of Stremme. 
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Schematic Representation of the Soils occurring along the Line between the Kofoshcy (Bakony Mountains) and 

Vlegyslsza (Bihari Mountains) across the Great Hungarian Pin. 



Sol! Profiles. ; The Original Mocks. 


1. Remdzina soils; 2. Forest (podsolic) soils on loess; 3. Forest (podsolic) 1. Alluvial deposits; % Turf; 3-4. Holocene sand and clay; 5. ^oess , 

soils on hard rocks; 4. Black, dark brown or light brown “ steppe ” soils; 6. Pliocene sand and clay (marl); 7. Miocene sandstone and limes o , 

5. Sandy soils with more or less hnmus contamination; 6. Black, clay 8. Eocene limestone; 9. Lower Cretaceous sandstone; 10. Upper F. . 

meadow soils; 7. Turfy mineral soils (“ Kotu ” soils); 8. Alkali soils poor in limestone; 11. Lower Wriassic limestone and sandstone; * * 

alkali salts (solonetz type); 9. Saline alkali soils (solontshak type); 10. limestone and dolomite; 13. Granite; 14. Andesite, daci e» r » 

Turfy and peat soils. rhyolite; 15. Granodiorifce. 


